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FOREWORD

{This Foreword is not part of ASME N509-1989.)

This Standard covers requirements for the design, construction, and testing of components which
are utilized in Nuclear Air Treatment Systems (NATS) installed in nuclear power plants. This revision
was developed by the ASME Committee on Nuclear Air and Gas Treatment (CONAGT), which was
assigned responsibility for maintaining ANSI/ASME N509 in 1976.

This is the third revision of this Standard. The previous revisions were issued in 1976 and 1987 The
purpose of this revision is to update the Standard to incorporate technical inquiries, corrections, xnd
state-of-the-art improvements as part of the ANSI-required five year review.

In order to gain input for this revision CONAGT held workshops in February and April or {5~5.
These workshops were attended by representatives from utilities, consulting engineers, testing ccriirac-
tors, manufacturers, and regulators. The format of the workshop provided an open forum for .- -:uin-
ing comments on where improvements and/or clarifications were needed. These discussions priod
the basis for this revision and a revision to N509’s companion standard ANSI/ASME N510.

Requests for clarifications or technical inquiries should be submitted in written form to the *
Secretary. Technical inquiries should reference the specific paragraph in question and be phrasc.
that a yes/no response can be made. Unclear inquiries will be returned unanswered to the in

It is the intent of CONAGT to replace N509 and N510 with ASME AG-1, Code On Nuclear .+
Gas Treatment, in the future. AG-1 was initially issued in 1985. Those sections of AG-1 whi..
published when this revision of N509 was being developed have been incorporated by reference. -
CONAGT considers the AG-1 code requirements to be acceptable alternates to N509 requireme:
therefore encourages users to utilize the latest AG-1 code requirements whenever practical. C o
AG-1 can be obtained from ASME.

After approval by the Committee on Nuclear Air and Gas Treatment and the sponsor, and ai:.r
public review, this Standard was approved and designated as an American National Standard b+ e
American National Standards Institute, Inc. on April 7, 1989.

iil
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ASME N509-1989

NUCLEAR POWER PLANT AIR-CLEANING UNITS AND COMPONENTS

1 SCOPC

This Standard covers requirements for the design, -

construction, and qualification and acceptance testing
of the air-cleaning units and components which make
up Engineered Safety Feature (ESF) and other high ef-
ficiency air and gas treatment systems used in nuclear
power plants.

1.1 Limitations

The Standard does not cover sizing of a complete
nuclear air treatment system, redundancy, or single-
failure requirements. It applies only to systems which
employ particulate filtration, ambient-temperature
adsorption, or both, as the principal functional mech-
anism. It does not apply to condenser off-gas systems.
Also, it does not apply to other applications which em-
ploy primarily gas storage or holdup, cryogenic ad-
sorption or fractionation, or solvent absorption as the
principal method of gas treatment. Nor does the
Standard cover requirements for containment isola-
tion valves, recombiners, comfort heating, air condi-
tioning, or ventilation to achieve ordinary cooling or
industrial hygiene objectives. Field acceptance testing
and surveillance testing of nuclear air treatment sys-
tems is covered in ASME N510-1989.

1.2 Purpose

The Standard identifies and establishes minimum
requirements for filters, adsorbers, moisture separa-
tors, air heaters, filter housings, dampers, valves,
fans, ducts, and other components of nuclear air
treatment systems for a specific application in a
nuclear power plant. The Standard also establishes
requirements for operability, maintainability, and
testability of systems necessary for the maintenance of
system reliability for the design conditions. Qualifica-
tion and acceptance testing provisions are specified
to verify the adequacy of the air-cleaning unit and
component design, to verify that components have
been properly fabricated and installed, and that the

system will perform in accordance with specification
requirements.

2 APPLICABLE DOCUMENTS

The following documents supplement tiis Standard
and are a part of it to the extent indicated i the text.
The issue of the referenced document «oi2d below
shall be in effect. If no date is listed, then :ac issue of
the referenced document in effect at the ~:me of the
purchase order shall apply. ANSI/ASMLE x(i-1-1988
contains code requirements for nuclear «r nd gas

treatment equipment. These code requir. . :iits may
be substituted for the requirements listec: = in.
2.1 U.S. Atomic Energy Commission  ::.! Cur-

rently the U.S. Department of En~:- - 'DOE)

ERDA-76-2} C. A. Burchsted, . - Fuller,
and J. E. Kahn. >~ . .ur Air
Cleaning Handbook

MSAR-71-45 Entrained Moisture Ncuparators
for Fine Particlc. Water-
Air-Steam Service — Tiicir Per-
formance, Development, and
Status

NYO-3250-6 Moisture Separator Study

2.2 American Society of Heating, Refrigeration,
and Air Conditioning Engineers (ASHRAE)

ASHRAE 52 Method of Testing Air Cleaning

(1976) Devices Used in General Ventila-
tion for Removing Particulate
Matter

ASHRAE Hand- Applications
book (1982)
ASHRAE Hand- Equipment
book (1983)
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ASHRAE Hand- HVAC Systems
book (1984)

ASHRAE Hand- Fundamentals
book (1985)

2.3 Underwriters’ Laboratories, Inc. (UL)

UL 900 (1986) Test Performance of Air-Filter

Units
High-Efficiency, Particulate, Air-
Filter Units

UL 586 (1985)

2.4 Air Movement and Control Association, Inc.
{AMCA)

AMCA 99 (1983) Standards Handbook

AMCA 201 (1973) Fan Application Manual — Fans
and Systems

AMCA 210 (1985) Test Code for Air Moving Devices

AMCA 211 (1985) Certified Ratings Program Air
Performance

AMCA 300 (1985) Reverberant Room Method for
Sound Testing of Fans

AMCA 301 (1975) Method for Calculating Fan
Sound Ratings from Laboratory
Test Data

AMCA 500 (1983) Test Methods for Louvers,
Dampers and Shutters

2.5 American Society of Mechanical Engineers

{ASME)
ASME/ANSI Code on Nuclear Air and Gas
AG-1-1988 Treatment

ASME Boiler and Pressure Vessel Code, 1986
Edition — Section 111, Section V, Section IX

ANSI/ASME Power Piping Code

B31.1-1986

Edition

ASME Testing of Nuclear Air Treatment
N510-1989 Systems

ANSI/ASME Quality Assurance Program Re-
NQA-1-1986 quirements for Nuclear Facilities
Edition

ANSI/ASME Quality Assurance Requirements
NQA-2-1986 for Nuclear Facilities

Edition

NUCLEAR POWER PLANT AIR-CLEANING
UNITS AND COMPONENTS
2.6 American Welding Society (AWS)

AWS DI.1 (1986) Structural Welding Code
AWS D1.3 (1981) Structural Welding Code — Sheet
Steel

2.7 Air Conditioning and Refrigeration Institute

{ARI)
ANSI/ARI 410 Standard for Forced-Circulation
(1981) Air-Cooling and Air-Heating

Coils
Standard for Residential Air
Filter Equipment

ARI 680 (1986)

2.8 Institute of Electrical and Electronics Engi-
neers (IEEE)

IEEE 85 (1973) Test Procedure for Airborne
Sound Measurements on Rotating

Electrical Machinery

Test Procedure for Polyphase In-
duction Motors and Generators
Standard for Qualifying Class 1E
Electrical Equipment for Nuclear
Power Generating Stations
Guide for Type Test of Continu-
ous Duty Class | Motors Installed
Inside the Containment of Nu-
clear Power Generating Stations
Recommended Practices for Seis-
mic Qualification of Class 1E
Equipment in Nuclear Power
Generating Stations

IEEE 112 (1984)

ANSI/IEEE 323
(1984)

ANSI/IEEE 334
(1974)

ANSI/IEEE 344
(1975)

2.9 American National Standards Institute (ANSI)

ANSI N512 Protective Coatings (Paints) for

(1974) the Nuclear Industry

ANSI N101.2 Protective Coatings (Paints) for

(1972) Light-Water Nuclear Reactor
Containment Facilities

ANSI/ANS Nuclear Safety Criteria for the

NS1.1(1983) Design of Stationary Pressurized

Water Reactors
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ANSI/ANS 52.1

(1983)

ANSI/ASQC
Z1.4 (1981)

Nuclear Safety Criteria for the
Design of Stationary Boiling
Water Reactor Plants

Sampling Procedures and Tables
for Inspection by Attributes

2.10 National Electrical Manufacturers’ Associa-
tion (NEMA)

NEMA MG-1

(1978)

Motors and Generators

2.11 American Society for Testing and Materials

(ASTM)

ASTM A 36
(1984)
ASTM A 123
(1978)

ASTM A 240
(1984)

ASTM A 283
(1984)

ASTM A 284
(1984)

ASTM A 525
(1984)

ASTM A 526
(1980)

ASTM A 527
(1980)

ASTM A 570
(1984)
ASTM A 606
(1984)

ASTM A 607
(1984)

Structural Steel

Zinc (Hot-Galvanized) Coatings
on Products Fabricated from
Rolled, Pressed, and Forged Steel
Shapes, Plates, Bars, and Strips
Heat Resisting Chromium and
Chromium-Nickel Stainiess Steel
Plate, Sheet, and Strip for Pres-
sure Vessels

Low and Intermediate Tensile
Strength Carbon Steel Plates,
Shapes, and Bars

Low and Intermediate Tensile
Stength Carbon-Silicon Steel
Plates for Machine Parts of Gen-
eral Construction

General Requirements for Steel
Sheet, Zinc-Coated (Galvanized)
by the Hot-Dip Process

Steel Sheet, Zinc-Coated (Galva-
nized) by the Hot-Dip Process,
Commercial Quality

Steel Sheet, Zinc-Coated (Galva-
nized) by the Hot-Dip Process,
Lock Forming Quality
Hot-Rolled Carbon Steel Sheet
and Strip, Structural Quality
Steel Sheet and Strip, Hot-Rolled
and Cold-Rolled, High-Strength,
Low Alloy with Improved Atmo-
spheric Corrosion Resistance
Steel Sheet and Strip, Hot-Rolled
and Cold-Rolled, High-Strength,

ASTM A 666
(1984)

ASTM B 633
(1978)

ASTM D 3843
(1980)

ASTM D 3911
(1980)

ASTM D 3912
(1980)

ASTME 165

- (1975)

ASTM E 300
(1973)

ASME N509-1989

Low-Alloy Columbium and/or
Vanadium

Authentic Stainless Steel, Sheet,
Strip Plate and Flat Bar for Struc-
tural Applications
Electrodeposited Coatings of
Zinc on Iron and Steel

Standard Practice for Quality As-
surance for Protective Coatings
Applied to Nuclear Facilities
Standard Method for Evaluating
Coatings Used in Light-Water
Nuclear Power Plants at Simu-
lated Loss of Coolani Accident
(LOCA) Condition

Standard Method for Chemical
Resistance of Coatinus Used in

2.12 Industrial Perforators Associatic: i

IPA (1985)

Light-Water Nucicir Power
Plants

Recommended Practic«- ior Lig-
uid Penetrant Inspec: = Method
Manual of Coatinz ~ - for
Light-Water Nuclear > -~ Plant
Primary Containmen: ther
Safety-Related Faci First
Edition, 1979, Chap:. - -
Recommended Pract Jam-
pling Industrial Chern: .
Designers, Specifiers : . Juvers

Handbook for Perforat-u iletal

2.13 Military Standards (MIL)

MIL-F-51068E

(1981)

MIL-F-51079D

(1980)

Filter, Particulate, ri:.n Effi-
ciency, Fire-Resistant

Filter Medium, Fire-R¢-istant,
High Efficiency

2.14 National Fire Protection Association (NFPA)
NFPA-803 (1983) Standard for Fire Protection for

Light-Water Nuclear Power Plant

2.15 Sheet Metal and Air-Conditioning Contrac-
tors’ National Association, Inc. (SMACNA)

SMACNA (1975) High-Pressure Duct Construction

Standards



ASME N509-1989

SMACNA (1985) HVAC Duct Construction Stan-
dards — Metal and Flexible

2.16 Nuclear Regulatory Commission

NUREG 0017 - Calculation of Releases of Radio-

1985 active Materials in Gaseous and
Liquid Effluents from Pressur-
ized Water Reactors (PWR-
GALE CODE), Rev. 1

2.17 Nuclear Construction Issues Group (NCIG)

NCIG-01 (1985)  Visual Weld Acceptance Criteria

for Structural Welding at Nuclear
Power Plants

2.18 Code of Federal Regulations - Energy

Title 10, Part 29  Occupational Safety and Health
Act

Standards for Protection Against
Radiation

General Design Criteria for

Title 10, Part 20

Title 10, Part 50,

Appendix A Nuclear Power Plants
Title 10, Part 50, Fire Protection Program for Nu-
Appendix R clear Power Facilities Operating

Prior to January 1, 1979
Title 10, Part 100 Reactor Site Criteria

Title 10, Part Environmental Qualification of
50.49 Electric Equipment Important to
Safety for Nuclear Power Plants

2.19 Air Cleaning Conference

CONF-740807 ‘““Nuclear Power Plant Control
Room Ventilation System Design
for Meeting General Criterion
19,”" Murphy, K. G. and Compe,
K. M., 13th AEC Air Cleaning
Conference Proceedings, 1974, p.
401

*“A Consistent Approach to Air-
Cleaning System Duct Design,”’
Miller, W. H., Ornberg, S. C.,
Rooney, K. L., 16th DOE Air
Cleaning Conference Proceed-

ings, 1980, p. 252

CONF-801038

NUCLEAR POWER PLANT AIR-CLEANING
UNITS AND COMPONENTS

2.20 American Conference of Governmental
industrial Hygienists

Industrial Ventilation: A Manual of Recommended
Practice — 1986

3 TERMS AND DEFINITIONS

adsorbent, batch of — the maximum quantity of ma-
terial (not to exceed 10 m3) manufactured from the
same base material, processed throughout its manu-
facturing cycle in the same equipment and under the
same manufacturing procedures, which can be ho-
mogenized at one time in one blending device and for
which certified results of apprcpriate tests of physical
and chemical properties are avaiiable. This constitutes
a batch to be presented for radioactive and/or other
specified tests under conditions and within tolerances
specified.

adsorbent, lot of — that quantity of material consist-
ing of one or more batches of the same type and grade,
each of which meets the specified performance, physi-
cal and chemical requirements, and is shipped to the
same purchaser by the same manufacturer for the
same job requirement

adsorber bank or filter bank — one or more filter or
adsorber cells secured in a single mounting frame, or
one or more side-by-side panels containing poured or
packed air treatment media, confined within the pe-
rimeter of a duct, plenum, or vault cross section;
sometimes referred to as a stage

adsorber cell or cell — a modular container for an ad-
sorbent, with provision for sealing to a mounting
frame, which can be used singly or in multiples to
build up a system of any airflow capacity

aerosol — a stable suspension of particles, solid or
liquid, in air

air-cleaning unit — an assembly of components com-
prising a self-contained subdivision of a complete air
cleaning system. It includes all the components neces-
sary to achieve a unit air cleaning function such as re-
moving particulate matter (filter) or iodine vapor
(adsorber). A unit includes a housing plus internal air
cleaning components and may include one or more
auxiliary air treatment components such as prefilters,
postfilters, heaters, coils, and moisture separators.
ALARA — as defined in 10 CFR 20.1(c), in addition
to complying with the regulations of 10 CFR 20, the
design should make every reasonable effort to main-
tain in-plant radiation exposures during operation
and maintenance, and releases of radioactive material
in effluents ‘‘as low as is reasonably achievable’’
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(ALARA). The term ALARA means as low as is rea-
sonably achievable taking into account the state of
technology and the economics of improvements in re-
lation to benefits to public health and safety, and
other societal and socieconomic considerations, and
in relation to the utilization of atomic energy in the
public interest.

bypass — a pathway through which contaminated air
can escape treatment by the installed HEPA and/or
adsorber banks. Examples are leaks in filters and filter
mounting frames, defective or inefficient isolation
dampers that result in uncontrolled flow through ad-
jacent plenums, and unsealed penetrations for electri-
cal conduits, pipes, floor drains, etc.

cell or adsorber cell — a modular container for an ad-
sorbent, with provision for sealing to a mounting
frame, which can be used singly or in multiples to
build up a system of any airflow capacity
components, active — a component whose function is
characterized by mechanical motion in response to an
imposed design basis load or signal demand upon the
component. Examples are motors, fans, damper oper-
ators, etc. Active safety-related components are re-
quired to perform their active function when
subjected to the applicable design basis loading and
environment, :

components, air-cleaning — equipment that is con-
tained in nuclear air treatment systems. Typical com-
ponents may include dampers, demisters or moisture
separators, heaters, prefilters, HEPA filters, charcoal
adsorbers, and fans.

components, external — accessory components not
normally included within an air-cleaning unit
components, internal — elements normally contained
within an air-cleaning unit

contaminated space — any enclosed or outdoor space
with measured or potential airborne concentrations of
toxic or radioactive materials which may cause one or
both of the following:

(a) unacceptable damage or dose to personnel or
equipment occupying the space, based on 10 CFR 20,
10 CFR 50 Appendix A (General Design Criterion 19),
10 CFR 50 Appendix I limits, or plant ALARA guide-
lines.

(b) contamination of other spaces.
damper — an operable device used to control pressure
or flow by varying the air path area
decontamination factor (DF) — the ratio of the con-
centration of a contaminant in the uncleaned (un-
treated) air to its concentration in the clean (treated)
air

ASME N509-1989

design, functional — the establishment of air cleaning
efficiency, air flow rates, components to be employed,
general layout spatial requirements, and operational
objectives and criteria

design, mechanical — the design or selection of com-
ponents, structural design of ducts and housings, siz-
ing and layout of ducts, etc., to meet the requirements
of the criteria established by the functional design.
The design and layout of hardware to accommodate
the criteria established in functional design.

designer or engineer — as used in this document, the
individual or organization designated by the owner to
be responsible for the design of air and gas treatment
systems. In particular, he is responsible for the deter-
mination of the performance parameters for the
system.

DOP — dioctyl phthalate (di-2-ethyl hexi nhthalate),
an oily, clear, noncorrosive liquid that forms an aero-
sol of repeatable dimensions under given narameters
of temperature, pressure flow, etc. (Notz: DOPis a
plasticizer and will soften many plastics -n contact.
Great care must be taken in the selecti~ of organic
materials used for contact with DOP .}

DOP aerosol — a polydisperse aeros-. “zving an
approximate light-scattering mean drop!.. .2 distri-
bution as follows:

99% less than 3.0 um

50% less than 0.7 um

10% less than 0.4 um

DORP aerosol generator — a device to .:. . un aer-
osol from liquid DOP in the required -~ i ie size
distribution

duct — an enclosed passage through wh:o» 1 s trans-

ferred from point to point; typically will 1ot include
air cleaning components such as HEP.\ ‘ilters or
adsorber air-cleaning units

engineer or designer — as used in this docunient, the
individual or organization designated by the owner to
be responsible for the design of air and gas treatment
systems. In particular, he is responsible for :he deter-
mination of the performance parameters for the
system.

engineered safety feature (ESF) — an air-cleaning unit
or nuclear air treatment system that serves 1o control
and limit the consequences of releases of cnergy and
radioactivity in the event of occurrences as described
in ANSI/ANS N51.1 and N52.1

Jfilter bank or adsorber bank — one or more filter or
adsorber cells secured in a single mounting frame, or
one or more side-by-side panels containing poured or
packed air treatment media, confined within the pe-
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rimeter of a duct, plenum, or vault cross section;
sometimes referred to as a stage

habitability system — a nuclear air treatment system
whose function is to assure that plant operators are
adequately protected against the effects of accidental
releases of toxic and radioactive gas-borne contami-
nation to the degree that they can safely operate the
plant in case of an accident. Habitability systems must
meet the requirements of 10 CFR 50, Appendix A,
General Design Criteria 4, 5, and 19.

HEPA filter — a high efficiency particulate air filter
having a fibrous medium with a particle removal effi-
ciency of at least 99.97% for 0.3 um particles of dioc-
tyl phthalate

housing — the portion of an air-cleaning unit that en-
closes air cleaning components and provides connec-
tions to adjacent ductwork

interspace — any space other than the contaminated
space or the protected space where the nuclear air
treatment system or its parts may be located. The in-
terspace may be considered ‘‘contaminated’ if its
concentration of airborne radioactivity is higher than
the concentration inside that part of the nuclear air
treatment system located within the interspace. The
interspace may be considered ‘‘clean’’ if its concentra-
tion of airborne radioactivity is lower than the concen-
tration inside the part of the nuclear air treatment
system located within the interspace.

leak-tightness — the condition of a component, air-
cleaning unit, or system where air leakage through
or around the pressure boundary or component is
less than a specified value at a specified differential
pressure

manifold — a device to uniformly disperse or collect
test agent mixed with air over a defined area from or
into a single pipe or tube

maximum permissible concentration (MPC) — the
maximum permissible concentration of radioactive
materials in a given volume as specified in Appendix B
in Title 10 of the Code of Federal Regulations, Part 20

mounting frame — a structure against which filters
and adsorber cells may be snugly mounted and sup-
ported in a position that permits the passage of air and
provides a surface to hold the sealing gasket, thereby
avoiding a potential bypass or leakage path for non-
filtered air

nuclear air treatment system (NATS) — a system de-
signed to remove radioactive gaseous and particulate
contaminants from a near-atmospheric pressure gas
stream without significantly altering the physical
properties of the inert carrier gases. Such a system
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contains one or both of the high-efficiency gas clean-
ing components referred to as HEPA filters and
nuclear-grade carbon or inorganic silver containing
adsorbers. These items are usually accompanied by
one or more auxiliary air treatment components such
as prefilters, after-filters, heaters, coils, and moisture
separators. Accessories such as dampers, ducts, plen-
ums, and fans are included when they are within or are
a part of a defined pressure boundary.

owner — the organization which is awarded a con-
struction permit from the Regulating Authority for
the construction of a nuclear facility and/or the orga-
nization legally responsible for the operation, mainte-
nance, and safety of the nuclear facility

photometer — a device to detect aerosol concentra-
tions in air over a specified concentration range of
10,000:1

postfilter — a medium efficiency air filter having a fi-
brous medium with a nominal average atmospheric
dust spot efficiency of not less than 95% when tested
in accordance with ASHRAE Standard 52 which is
used to retain carbon fines downstream of carbon
adsorbers

pressure, leak test — the static pressure, acting in the
direction of the operating pressure (positive or nega-
tive), used for establishing leakage rates. This pressure
usually equals or exceeds the highest operating pres-
sure of the item being tested but does not exceed struc-
tural capability pressure.

pressure, maximum design — the static pressure to
which air-cleaning units and components may be sub-
jected to and required to remain intact and which is
used as the starting point for structural design. This
pressure shall equal or exceed the maximum operating
pressure and/or test pressure, whichever is greater.
Refer to para. 4.6.5 for further information.
pressure, maximum operating — the maximum static
pressure the air-cleaning units and components will be
subjected to and still required to continue to perform
their air-cleaning function. Static pressure resulting
from off-normal operating conditions which do not
render the system inoperable (e.g., closure of branch
dampers or registers) shall be considered as maximum
operating pressure. Refer to para. 4.6.4 for further in-
formation. The maximum operating pressure shall
equal or exceed the normal operating pressure and
may be equal to the maximum design pressure but may
not exceed it.

pressure, normal operating — the static pressure that
corresponds to the design operating mode of the air-
cleaning unit, component, or system but does not
include the static pressure which may be experienced
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in off-normal operating modes during which the sys-
tem is required to continue to perform its air-cleaning
function

pressure, structural capability — the static pressure to
which the designer specifies the component or equip-
ment can be safely loaded without permanent distor-
tion. This pressure may exceed the maximum design
pressure due to inclusion of a margin of safety.

pressure drop, dirty filter — the maximum operating
static pressure differential (inches water gauge) of the
filter elements in an nuclear air treatment system used
for the design of the system

protected space — any enclosed or outdoor space
where concentrations of airborne toxic or radioactive
materials are limited to acceptable levels by the action
of a nuclear air treatment system

residence time — the time that a contaminant or test
agent theoretically remains in contact with an adsorb-
ent, based on active volume of adsorbent and air or
gas volume flow rate through the adsorber bed (e.g.,
volume of adsorbent in cubic feet in contact with flow-
ing air multiplied by 60 sec/min divided by total air or
gas flow rate in cubic feet per minute equals theoreti-
cal residence time in seconds)

test, acceptance — a test made upon completion of
fabrication, receipt, and installation, or after modifi-
cation of an installed component, air-cleaning unit,
or system to verify that it meets the requirements
specified ’

test, performance (also known as production test)—a
test made on an individual production item or lot of
product to verify its performance in accordance with
specified requirements. Where a performance test re-
peats a qualification test or a previous performance
test, the results of the performance test shall be within
specified tolerances.

test, qualification — a test which establishes the suit-
ability of a component (item) for a given application,
generally made on either a prototype or on a typical
production lot of the component

test, surveillance — an in-place leak test and visual in-
spection performed periodically to establish the cur-
rent condition of a nuclear air treatment system and its
components, with respect to bypasses and damage to
filters and adsorber. Also, alaboratory test made peri-
odically on a representative sample to determine the
radioiodine removal characteristics of an adsorbent
batch.

test boundary — the physical limit to the component,
system, or device being subjected to a leakage test as
defined in.specific test procedures
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test cannister — a specially designed sample holder
containing sufficient adsorbent for specific labora-
tory tests that can be removed from an adsorber bank
to provide samples for laboratory testing. A full-sized
Type II adsorber cell (refer to para. 5.2 and Appendix
A) may be substituted for the test cannister for the
purposes of providing material for specific laboratory
tests.

4 FUNCTIONAL DESIGN
4.1 General

Depending on the function of the <vstem and the
conditions under which it will operate. air-cleaning
units include some or all of the ‘oilowing internal
components.

(a) Prefilters are required in air--leaning units
when design inlet particulate concenrins and par-
ticle size are such that the HEPA 1i': . nay be ren-
dered ineffective prematurely. On .~ . air-cleaning

units prefilters are recommended ~when it is
desired to increase HEPA filter lifec.

(b) HEPA filters are required n :r-cleaning
units when filtration of inlet partici: natter re-
quires a minimum efficiency of 99.v~ narticles
equal to 0.3 micrometer in size.

(c) Adsorbers are required wi: . leaning
units are designed for removal of i 4 lodine
compounds.

(d) Moisture separators (demisic: ~equired
when entrained water droplet conce:: - i1 may be
greater than 1 Ib of water per 1000 .::- irtlow.

(e) Heaters should be utilized for air-.._.::ing units
with adsorbers when the relative hum:.i-- { air to the
adsorber exceeds 70% based upon the . rercentile

meteorological conditions (where appii..i.c}. For nu-
clear air treatment systems which are .inutrected by
outside air meteorological conditions. - >atcrs should
be utilized when an accident would rc-ult in an air-
stream exceeding 70% relative humidits :'or more than
1 hr.

(f) Postfilters. When adsorbers are used in ESF ajr-
cleaning units, provision shall be made for a postfilter
to retain carbon fines. Postfilters should also be con-
sidered in non-ESF air-cleaning units discharging into
occupied spaces where carbon fine carryover is not
acceptable.

4.2 Design Parameters

Values of the following design parameters shall be
specified when invoking this Standard and shall be
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used wherever referenced:
(@) volumetric air flow rate, acfm;
(/) minimum flow rate;
(2) maximum flow rate;
(3) design flow rate;

(b) design pressures, in. w.g.;

(1) maximum operating pressure;

(2) leak test pressure;

(3) maximum design pressure;

(4) structural capability pressure (usually deter-
mined by component designer);

(¢) pressure-time transient (if applicable), in.
w.g./sec;

(d) maximum and minimum gas temperature (F)
and density, 1b/ft’;

(¢) maximum irlet relative humidity (percent);

(/) entrained liquid water (mass flow rate),
1b/min;

(g) concentrations of specific contaminants in
airstream;

(h) required decontamination factors for each
contaminant;

(/) component radiation integrated life dose ‘and
maximum dose rate (rad.);

(/) maximum dirty filter pressure differential, in.
w.g.;

(k) structural loadings;

(/) duct and housing maximum permissible leak
rate (scfm) and associated operating pressure, in.
w.g.;

(m) environmental design conditions including
temperature, pressure, and relative humidity;

(n) expected duration and environmental condi-
tions of storage area;

(0) particle size distribution and quantity of aero-
sols and contaminants under normal and accident
conditions (if known);

(p) safety classification (ESF or non-ESF);

(g) number of adsorber test cannisters per adsorber
bank;

(r) heater capacity, watts, voltage, temperature dif-
ferential, if applicable.

4.3 Size (Installed Capacity) of Air-Cleaning Unit

The installed capacity (cfm) of the air cleaning unit
shall be no greater than the limiting installed capacity
of any bank of components contained in the air clean-
ing unit through which the airflow must pass. The in-
stalled capacity of any bank or stage of components
should not exceed the number of components in the
bank times the rated capacity of the individual compo-
nents. Test cannisters shall not be included in deter-
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mining the installed capacity of any bank or stage of
adsorbers. '

4.4 Environmental Design Conditions

All parts and components of the air-cleaning unit
shall be selected or designed to operate under the envi-
ronmental conditions (temperature, relative humid-
ity, pressure, radiation, etc.) specified in para. 4.2.
Materials of construction and components shall be se-
lected or treated to limit generation of combustibles
and contaminants and to resist corrosion and degra-
dation that would result in loss of function when
exposed to the specified environmental conditions for
the design life of the component.

Environmental qualification requirements are con-
tained in 10 CFR 50.49 and IEEE 323.

4.5 Structural Load Requirements

ESF systems and all of their components shall be
shown, either by testing or by a mathematical tech-
nique, to remain functional under the structural load-
ing specified in para. 4.2(k) and described in para.
5.10.3.

4.6 Design Pressures

4.6.1 The nuclear air treatment system shall be de-
signed to withstand the normal and transient pres-
sures, to which the system may be subjected during its
design life, without loss of its ability to perform its
design function.

4.6.2 Four categories of design pressure are used to
define the pressure the nuclear air treatment system
and its components may experience. These are:

(a) Operating Pressure

(b) Leak Test Pressure

(¢) Maximum Design Pressure

(d) Structural Capability Pressure

Figure 4-1 depicts, in general terms, the relationship
among these design pressures.

4.6.3 Operating Pressure. Operating (static) pres-
sure shall be determined by summing the losses in total
pressure of all air path components between the open
atmosphere and the point in the system under consid-
eration and deducting one velocity head from the total
pressure, if positive, and adding one velocity head to
the total pressure, if negative. Losses shall be based on
the most severe condition of resistance to rated air
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flow for the design basis operating condition and will
vary throughout the nuclear air treatment system.

It is reccommended that the method for determining
pressure losses be derived from the ASHRAE Hand-
book of Fundamentals, chapter on Duct Design.

In addition to determining the normal operating
pressure, the engineer shall review the system opera-
tion and determine the maximum operating pressure
to which the components may be subjected to due to
off-normal conditions. Examples of off-normal oper-
ating conditions where the condition will not render
the system inoperable and may not be noticed, or cor-
rected, in a short time period are closure of branch
dampers or registers. The pressure associated with
rapid closure of fan isolation dampers which would
subsequently render the system inoperable should not
be considered as a maximum operating pressure.
However, this pressure should be considered in deter-
mining the maximum design pressure as discussed in
para. 4.6.5.

An engineer shall include the maximum operating
(static) pressure in specifications for all nuclear air
treatment system components, including ducts. Fan
specification requirements shall be based on either to-
tal pressure or Fan Static Pressure as defined in para.
5.7 and AMCA 201. Calculations shall document the
operating pressure as the basis for determining the
required test pressure (refer to para. 4.6.4) and for de-
termination of allowable pressure boundary leakage
(para. 4.14).

4.6.4 Leak Test Pressure. The pressure to be used
to shop and/or field test air-cleaning units and com-
ponents (such as ducts, housings, and component
mounting frames) to determine air leak rates shall be
specified by the engineer. The test pressure shall be the
static pressure, acting in the direction of the operating
pressure. This pressure usually equals or exceeds the
highest operating pressure of the item being tested.
The test pressure shall not be less than 4 in. w.g. for
duct and housing leak tests and not less than 1 in. w. g.
for mounting frame leak tests and shall not exceed the
structural capability of the component (para. 4.6.6).

The test pressure for each component to be tested
shall be documented by the engineer along with the
operating pressure (para. 4.6.3) and included by the
testing organization in the test procedures.

4.6.5 Maximum Design Pressure
4.6.5.1 Nuclear air treatment systems shall be
structurally designed to withstand the maximum pres-
sure differential which each component may experi-
ence due to normal operating pressure; test pressure;
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or transient pressure conditions due to rapid closure
of dampers, or anticipated system upsets which would
render the system inoperable. The maximum design
pressure shall be equal to or greater than the maxi-
mum pressure differential after allowing for the vent-
ing effect of permanent openings and pressure relief
devices in the system.

4.6.5.2 ESF nuclear air treatment systems lo-
cated inside a containment structure shall be designed
either to withstand the maximum differential between
the primary containment structure design pressure
and the normal primary containment structure oper-
ating pressure as specified in para. 4.3; or be equipped
with a self-restoring pressure-relief device to limit the
pressure differential from the iaitial post-accident
transient to levels that will not cause collapse, struc-
tural damage, or loss of function.

4.6.5.3 It is not necessary to use the maximum
design pressure as the basis for leak testing compo-
nents if the maximum design pressure is due to tran-
sient conditions which would not be coincident with
high radioactivity levels inside the pressure boundary
or would not significantly alter the health physics
analysis in para. 4.14.

4.6.5.4 Air-Cleaning Units and Components
That Must Withstand Fan Peak Pressure

(a) Positive Pressure. Air-cleaning units and com-
ponents including ducts located on the discharge side
of fan(s) which can be isolated by closure of a down-
stream damper, or potentially plugged components
shall be designed to withstand a positive internal pres-
sure equal to or greater than the peak pressure of the
fan(s). If provision is made to deenergize fan(s) on
high differential pressure or low flow, the components
shall be designed to withstand the trip point design
pressure plus a margin to include the rate of pressure
rise between reaching the pressure setpoint and the
time for the instrumentation response, or 10%,
whichever is greater.

(b) Negative Pressure. Air-cleaning units and com-
ponents located on the inlet side of fan(s) which can be
isolated by closure of an upstream damper, or poten-
tially plugged components shall be designed to with-
stand a negative internal pressure equal to or more
negative than the peak pressure of the fan(s). If provi-
sion is made to deenergize fan(s) on high differential
pressure or low flow, the components shall be de-
signed to withstand the trip point design pressure plus
a margin to include the rate of pressure rise between
reaching the pressure setpoint and the time for the in-
strumentation response or 10%, whichever is greater.
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4.6.5.6 The maximum design pressure shall be
documented by an engineer by calculation, including
the basis for the condition, and included in procure-
ment specifications for manufacturer’s design.

4.6.6 Structural Design Capability Pressure
4.6.6.1 The structural design capability pressure
shall equal or exceed the maximum design pressure
and shall be the static pressure to which the air-
cleaning unit can be safely loaded without permanent
distortion. This pressure is typically a minimum of
1.25 times the maximum design pressure. '

4.6.6.2 The engineer and/or component manu-
facturer shall document the structural design capabil-
ity pressure for each component. This documentation
shall be provided to the owner.

4.6.7 Example

4.6.7.1 A duct section located in a branch far
from the fan is subjected to a normal operating posi-
tive pressure of 1.0 in. w.g. Under upset conditions
(e.g., closure of a fire damper) the pressure could in-
crease to 3 in. w.g. upstream of the fire damper. Fur-
thermore, failure of the isolation damper on the fan
discharge would subject a section of duct between the
fan and damper to 10 in. w.g. The fan discharge duct,
under normal operating conditions, experiences a
static pressure of 6 in. w.g. It is expected that due to
register/balancing damper closure the maximum op-
erating pressure would be 8 in. w.g. The following
design pressures would be specified:

Branch Duct

Normal Operating Pressure +1.0in. w.g.
for Branch Duct
Maximum Operating +3.0in. w.g.

Pressure

Test (Leak) Pressure +4.0in. w.g. (min.)

Maximum Design Pressure  +5.0in. w.g.
(Selected to envelope

operating and transient

pressures)

Structural Design +7.0in. w.g.

Capability Pressure (5 x 1.25 = 6.25)

Fan Discharge Duct

Normal Operating Pressure  +6 in. w.g,
Maximum Operating +8in. w.g.
Pressure

Duct Leak Test Pressure +8in. w.g.
Maximum Design Pressure  +10in. w.g.

(Selected to envelope Maxi-
mum Operating Pressure)
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+13in. w.g.
(10 x 1.25 = 12.9)

Structural Capability
Pressure

NOTE: All pressures noted above are static pressure.

4.6.7.2 An air-cleaning unit is located on the dis-
charge side of an air-cleaning unit fan and is subjected
to a normal operating pressure of 7 in. w.g. and maxi-
mum operating pressure of 10in. w.g. (dirtv filter con-
ditions). It is determined that failure of discharge
damper at housing outlet would subject housing to a
maximum design pressure of 20in. w.g. The following
design pressures are specified:

Normal Operating Pressure  + 7 in. w.c.
Maximum Operating +10in. w.u.
Pressure
Test Pressure 10 x 1.25 -12.5
in. w.g.
use + 13 .2
Maximum Design Pressure  +20in. . ..
Structural Design Capabil-  +20 x 1.0% = =25
ity Pressure in. w.g.
4.7 Nuclear Air Treatment System C-. ration
and Location

Physical location and arrangement _ompo-
nents of a nuclear air treatment system .2 the
requirements for leak tightness for the v “onsvof
the pressure boundary. Air flow should 21 po-
tentially less contaminated areas to por. more
contaminated areas. Whenever possibi- ag of
contaminated air through clean spaces i :~~paces
should be avoided. If this can not be done. i ceneral
guidance in this section should be follow.. .

Nonmandatory Appendix B, Figs. B-". *-n and
B-7, schematically depict examples of po--it:ic com-

binations and location of fan and air-cleaning unit to
minimize impact of system contaminated uticakage
on surrounding clean spaces and interspuco. as well
as contaminated inleakage into a cleaner svstem
component.

General guidance for various application« is as indi-
cated in paras. 4.7.1 through 4.7.3.

4.7.1 Effluent Nuclear Air Treatment System
{Once-Through)

(a) Maintain ducts conveying contaminated air
through clean spaces or clean interspaces at a negative
pressure with respect to the surrounding arcas.

(b) With air-cleaning unit located in a cican inter-
space, locate exhaust fan downstream of air-cleaning
unit in order to keep air-cleaning unit under negative
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pressure. Any leakage through fan shaft will be from
clean interspace.

(¢) When air-cleaning units are located in contami-
nated spaces or interspaces, the fan shall be located
upstream of the air-cleaning unit to prevent infiltra-
tion of contaminated air through fan shaft, or into the
filter housing downstream of filters, thereby bypass-
ing filters.

(d) The length of positive pressure discharge ducts
from the air-cleaning unit routed through clean spaces
or interspaces should be kept as short as practical to
minimize outleakage from ductwork from impacting
in-plant personnel exposure.

4.7.2 Habitability Systems

(a) Outside air ducts routed through clean spaces or
interspaces that may convey radioactive air following
a release shall be under a negative pressure relative to
the spaces.

(b) Negative pressure recirculating air ducts that
pass outside the habitable space should be avoided or
additional filtration provided.

(¢) The makeup air fan shall be located:

(/) upstream of air-cleaning unit if air-cleaning
unit is in a contaminated space;

(2) downstream of air-cleaning unit if air-
cleaning unit is in a clean space.

{d) The length of positive pressure ducts outside of
the habitable boundary should be kept as short as pos-
sible to reduce effect of duct leakage on ability to pres-
surize habitable boundary.

(e) Recirculating system housings should be kept at
a positive pressure if located outside habitable bound-
ary in a contaminated space or interspace.

4.7.3 Recirculating Nuclear Air Treatment
Systems

(a) If anair-cleaning unit is located in a clean space
or interspace outside of the space served, the fan
should be located downstream of the air-cleaning

unit.,

(b) Fans may be either upstream or downstream of
air-cleaning units if located totally within the space
served.

(¢) Thelength of ductwork outside the space served
should be kept to a practical minimum.

4.8 Maintainability Criteria

4.8.1 Access for Service, Testing, and inspec-
tion. The air-cleaning unit shall be designed to keep
radiation exposures during maintenance, testing and
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inspection as low as reasonably achievable (ALARA).
Some design features which contribute to keeping
these exposures ALARA are the following.

(a) Man-entry air-cleaning units should be located
at floor level or should be equipped with a permanent
service gallery at least 4 ft. wide with permanent stairs
or fixed ladders.

(b) Smaller air-cleaning units should be located at a
height above the floor or work gallery level convenient
for access, based on human factors and the design of
the housing,

(¢) Theareain which the air-cleaning unit is located
shall be served by a clear aisle wide enough to
accommodate servicing of internal components and
equipment.

(d) Sufficiently wide clear area adjacent to the
housing door or hatch shall be provided to allow serv-
icing the air-cleaning unit; a space of at least 4 ft. wide
X 7 ft. high is recommended. The clear work space
may also serve as aisle space as long as it can be used
while servicing the air-cleaning unit, or it may serve as
the clear space for an adjacent air-cleaning unit.

(e) Clearance of 18 in. is recommended above the
housing for installation and inspection.

() Elevated work galleries shall be designed in ac-
cordance with Occupational Safety and Health Act
(OSHA) requirements.

(8) Ducts that will have to be cleaned out periodi-
cally shall be equipped with low ieakage access hatches
at strategic points.

4.8.2 Internal Space for Maintenance. For ease of
maintenance, air-cleaning unit design should provide
for aminimum of 3 ft from mounting frame to mount-
ing frame between banks of components. If compo-
nents are to be replaced between mounting frames, the
bank-to-bank dimension should be the maximum de-
flated length of component plus a minimum of 3 ft.
The designer should consider susceptibility of perma-
nently installed testing manifolds to damage in deter-
mination of maintenance space. An extra 3 ft bank to
bank spacing should be considered for testing mani-
fold clearance when manifolds are permanently
installed.

4.9 Monitoring of Operational Variables

4.9.1 External Effects. The designer should con-
sider condensation, flooding, seismic requirements,
temperature, humidity, radiation exposure, and vi-
bration, as applicable, in the design of all instrument
installations.
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4.9.2 Instrumentation, Alarms, and
Handswitches

(@) As a minimum, the designer shall provide the
appropriate monitoring instruments, alarms and
handswitches on or adjacent to each air-cleaning unit
and redundant instruments, alarms, and handswit-
ches at a remote manned control panel in accordance
with Table 4-1 for ESF air-cleaning units and Table
4-2 for non-ESF air-cleaning units.

(b) For non-ESF air-cleaning units, a common

alarm of all iocal alarms shall be provided on the main .

control room panel for each air-cleaning unit. Individ-
ual alarms may be provided on the main control room
panel for each local alarm if desired in lieu of a com-
mon alarm.

(c) For ESF air-cleaning units, local controls shall
be secured to prevent unauthorized use.

4.9.3 Qualification of Instrumentation, Alarms
and Handswitches for ESF Air-Cleaning Units

(a) Local instrumentation and associated mount-

ings (excluding transmitters, handswitches, limit-
switches and associated mountings) shall be qualified
to remain intact, but not necessarily functional under
the structural loading and environment specified in
para. 4.2, :
. (b) Local transmitters, handswitches, limit-
switches and associated mountings shall be qualified
to remain intact and completely functional under the
structural loadings and environment specified in para.
4.2. ’

(¢) Instrumentation, alarms and handswitches at
the remote manned control panel shall be qualified to
remain intact and functional for the structural load-
ings that may occur in the area in which the panel is

located.

4.9.4 Equipment Status. Each item powered or
controlled electrically (fan motor, valve or damper
operator, fire protection systems, solenoid valves,
etc.) shall be provided with status indication for the
energized mode, located in accordance with Table 4-1
for ESF air-cleaning units and Table 4-2 for non-ESF
air-cleaning units, to show the operational status of
the item.

4.10 Adsorbent Cooling

Where heat of radioactive decay or heat of oxida-
tion or both may be significant, means shall be pro-
vided to remove this heat from the adsorbent beds to
limit temperatures to values below 300°F to prevent
significant iodine desorption.
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For this purpose, a minimum circulatory air flow
shall be available for all operational modes of the air-
cleaning unit and shall be based on the maximum pos-
sible radioactivity loading on the adsorbent beds.
Water deluge systems are not acceptable for this
purpose.

4.11 Fire Pro'?ection

4.11.1 General. Nuclear air treatment systems
shall be designed, fabricated, and installed so as to
minimize the use of combustibles. Filicr media, seal-
ants, gaskets, and insulation shall meet the require-
ments in Section 5.

4.11.2 Fire Detection. When adsc.rhers are pro-
vided, a fire detection system shall be :ns:ailed down-

stream of each carbon adsorber bank :u .ictect either
abnormally elevated temperature or r-cii:0ts of com-
bustion. The fire detection system shali "¢ designed to
be responsive to the unique features o . ;- ‘nstallation
and application (e.g., low air velocity . . .i:fication).
A two-stage alarm shall be provided. ' “ire detec-
tion system shall operate an alarm (!i:-. -:ugze) upon
detection of temperature above a pr.. “:iiged set-
point and automatically trip fan(s) anc .12 the air-
cleaning unit. The second stage shall « - ~an alarm
when a fire is detected. Documentat: .. ..i be pro-
vided to the owner which shows that : .. ietection
system is designed to be responsive 1o -ithin the
carbon adsorber bed.

4.11.3 Fire Protection Procedures. . ... fire pro-

tection procedures should include reauirements that
upon first-stage high-temperature alare. the plant
fire brigade is dispatched to the area 1~ - ik.c appropri-
ate action.

4.11.4 Fire Hazard Analysis. A tire uczard analy-
sis shall be performed for all air-cleanine units and
components in accordance with 10 CFR ' Appendix
R and NFPA 803, except that for adsorbers consider-
ation shall be given to the type of carbon (or other me-
dia) utilized in adsorbers and the potential for fire.

4.11.5 Fire Protection Systems. Fire protection
systems, when provided, may use water deluge, inert
gases (e.g., Halon, CO,) or other extinguishing agents
as appropriate for the hazard and designed in accord-
ance with all applicable NFPA standards.

4.11.6 Water Deluge Systems. Deluge nozzles
should be permanently mounted within the housing
and located to ensure that both the deep-seated or
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TABLE 4-1 INSTRUMENTATION FOR ESF AIR-CLEANING UNITS

Readout/Alarm Location

Sensing Location Remote Manned
[Note (1)] Local Control Panel
1. Unit Inlet Fil) alternately at location No. 16, F(AH, AL) alter-
(High-Velocity Portion) T{l} alternately at location No. 2 or nately at location
No. 4 No. 16
2. Space
3. Demister AP(I,LAH*) [NOTE (2)}
4. Space
5. Electric Heating Coil SL
6. Space Til, AL, AH) T(LAH. AL AT)
7. Prefilter AP(I,AH)
8. Space
8.  Pre-HEPA AP{I,AH) AP(AH) LP(AH)
optional
10.  Space INote (4))
11, Adsorber
2. Space T(I,AH-2 STAGE) TU,AH-2 STAGE)
[Note (3})] [Note (3)]
13. Postfilter AP(I,LAH)
14. Space
15. Fan HS ™ SL’ [Note (2)] HS.SL
16.  Unit Outlet See location No. 1 See location No. 1
(High Velocity Portion)
17. vaive;Damper Operator SL™ (Note (2)] SL
8. Fire Protection System 1,AT [Note {5)] AT |Note (5}]
Parameters (A) [Note (6)] Instrument Function {x) [Note (6]}
F = Flow . I = Indication SL = Status Indication
T = Temperature AH = High Alarm HS = Handswitch
AP = Differential Pressure AL = Low Alarm R = Record
LAP = Summation Alarm (AP) AT = Trip Alarm
NOTES:

(1} The ""Sensing Location’* indicates the location within an air treatment unit where the specified sensors shall be located. The
components are listed in the sequence they are typically used, with ‘“Space’* indicating the component between two compo-
nents.

{2) All instruments are required except those marked with an (*) which are recommended. .

(3) 1st Stage signals an alarm only, 2nd stage signals an alarm and permits manual actuation of fire protection system.

(4) Total air-cleaning unit AP alarm is optional if each component whose pressure drop is subject to change over time has individ-
val alarm or indication in Main Control Room.

i5) Manual valves are recommended with local indication at valve. Power actuated valves, if used, shall have local handswitches,
and indication; and trip alarms on local and remote manned control panels. Flow of extinguishing agent shali be alarmed on
local and remote-manned control panels.

(6) A(x): Measurement of parameter A requires instrument function x.
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TABLE 4-2
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INSTRUMENTATION FOR NON-ESF AIR-CLEANING UNITS

Sensing Location

Readout/Alarm Location

Remote Manned

[Note (1)} Local [Note (2)] Control Panet
1. Unit inlet F(l) alternately at location No. 16,
{High-Velocity Portion) T(l) aiternately at location No. 2 or
4
2. Space
-~
3. Demister (if applicable) AP{1,AH*) [Note (3}]
4. Space
5. Electric Heating Coil SL
6. Space T(AH,AL,AT)
7. Prefilter AP(I,AH) [Note (3)}
8. Space
9. Pre-HEPA APILAH ) [Note (3)]
10. Space
11. Adsorber
12. Space T{l,AH-2 STAGE) |Note (4)| Ti{.AH-2 STAC:
13. Postfilter AP()
14, Space
15. Fan HS, SL
16. Unit Outlet See location No. 1
{High Velocity Portion)
17. Valve/Damper Operator SL” [Note (3)]
18. Fire Protection System [Note {5}] [Note (5]
Parameters {(A) [Note (6)] Instrument Function (x) (Note {6}]
F = Flow 1 = Indication SL = Status i~ veation
T = Temperature AH = High Alarm HS = Hanasw:icn
AP = Differential Pressure AL = Low Alarm R = Recorc
AT = Trip Alarm
NOTES:

{1} The ''Sensing Location’’ indicates the location within an air treatment unit where the specified sensors shall be iccated. The
components are listed in the sequence they are typically used, with ‘‘Space’’ indicating the component between two compo-

(2)

(3)
(4)
(5)
(6)

nents.

For air-cleaning units located inside containment, the requirement for LOCAL controls for handswitches, flow indication, and
alarms for high differential pressure, low and high flow and high temperature shall mean controls shall be located on a panel

located outside containment.

All instruments are required except those marked with an {*) which are recommended.
1st Stage signals an alarm only, 2nd stage signals an alarm and permits manual actuation of fire protection system

See Note (4) in Table 4-1.

A (x): Measurement of parameter A requires instrument function x.
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surface fires can be extinguished. Nozzles shall be
piped to an accessible location outside the housing and
provided with redundant leak-tight isolation
(O.S.&Y.) valves and a connection suitable for man-
ual attachment to the plant’s fire protection system.
Permanently connected fire protection systems are
not recommended, but may be used in lieu of manual
hose connections.

4.11.7 Actuation of Fire Protection Systems. If
theresult of the fire hazard analysis requires that a fire
protection system be provided for an air-cleaning
unit, the fire protection system should be manually ac-
tuated. Automatic actuating water deluge systems are
not recommended because spurious actuation of
detection/automatic protection systems will signifi-
cantly degrade adsorber capability and damage the
adsorber.

4.11.8 If permanently connected fire protection
systems are installed, provision shall be made to acti-
vate an alarm upon initiation of flow of extinguishing
agent (e.g., water, Halon, CQO,).

4.11.9 Returning Air-Cleaning Unit to Service. If
carbon does become wet, the wet carbon shall be re-
moved from the adsorber to prevent structural dam-
age to the adsorber due to chemical interaction.
Before placing the air-cleaning unit back in service,
the adsorber shall be thoroughly dried, visually in-
spected for corrosion damage, dried carbon shall be
laboratory tested per para. 5.2.3, and adsorber leak
testing shall be performed per ASME NS510-1989.

4.12 Insulation

Acoustic linings, thermal insulation, and similar
materials shall not be applied to the inside of ducts and
housings. Materials applied to the outside of ducts
and housings shall not prevent access to any bolted
construction joint, door, access hatch, or instrument
in the housing or ducting or result in penetrations
through the pressure boundary which would result in
exceeding allowable leakage rates in accordance with
para. 4.14.

4.13 Testability

(a) To cnsure that the testing requirements of this
Standard can be met, sufficient permanently installed
halide and DOP injection and sampling ports shall be
provided to permit accurate testing in accordance with
ASME NS10.

Where required for proper challenge agent mixing
and/or sampling, multiple inlet or outlet distribution

NUCLEAR POWER PLANT AIR-CLEANING
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manifolds shall be provided to allow injection and
sampling per ASME N510. Refer to para. 5.6.5 for
detailed requirements on sampling and injection man-
ifolds.

(b) Sufficient test cannisters or other means of ob-
taining samples (see Appendix A) of used adsorbent
shall be installed in the adsorber system to provide a
representative determination of the response of the
adsorbent to the service environment over the pre-
dicted life of the adsorbent. Test cannisters shall be in-
stalled in a location where they will be exposed to the
same airflow conditions as the adsorbent in the sys-
tem, shall have the same adsorbent bed-depth as the
adsorbent in the system, and shall be filled with repre-
sentative adsorbent from the same batch of adsorbent
as that of the system.

The quantity of test cannisters to be provided shall
be based on the expected frequency of operation. For
continuously operating svstems, where laboratory
testing of carbon is required every 720 hr of operation,
aminimum of 18 test cannisters is recommended. For
those systems where laboratory carbon testing is re-
quired once every 18 months, a minimum of 6 test can-
nisters is recommended. If the adsorber operation
may vary tfrom part time to continuous then classify-
ing the adsorber as continuous is recommended.

The type of test cannister design (including connec-
tion to adsorber bank) shall be qualified by the manu-
facturer. Any change in the cannister design or
mounting to bank shall require a retest. The qualifica-
tion test shall measure air velocity at the test cannister.
Measured velocity shall be +10% of adsorber bank
design velocity. Tests on each production air-cleaning
unit are not required.

(¢) Accessshall be provided between banks of com-
ponents in the housing to permit physical inspection
of both sides of each bank; components shall not be
installed back-to-back on the same or opposite sides
of the same mounting frame, or on adjacent mounting
frames which are so close as not to permit adequate
access space between banks.

4.14 Pressure Boundary Leakage

4.14.1 Maximum Allowable Leakage. Maximum
allowable leakage across the pressure boundary of any
portion of an nuclear air treatment system shall be
based on health physics requirements. Leakage into or
out of nuclear air treatment systems may affect:

(a) control room habitability;

(b) plant personnel exposure during normal plant
operation due to contaminated outleakage in clean
spaces or clean interspaces;
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(c) plant personnel exposure due to excessive sys-
tem inleakage which prevents the nuclear air treat-
ment system from performing its design function in
contaminated spaces or contaminated interspaces
during plant normal, upset, or accident conditions;

(d) offsite exposure during plant normal, upset, or
accident conditions.

4.14.2 Calculation of Allowable Leakage. The
system designer (engineer) shall determine leakage cri-
teria and allowable leakage to meet governing coges,
standards, regulations, and plant-specific require-
ments for required portions of the nuclear air treat-

ment system pressure boundary (ducts, housing,.

dampers, fans, etc.) The basis for determining the leak
rate, the leak rate value(s), and coincident operating
(static) pressure shall be documented and provided to
the owner.

Additional leakage criteria may be applied to the
pressure boundary as determined by the owner to meet
plant-specific ALARA programs and/or regulatory
requirements.

Additional leakage criteria can be found in non-
mandatory Appendix B, including examples of deter-
mining allowable leakage for typical installations.

4.14.3 Leak Test Parameters. Components shall

be designed, fabricated, and installed so as not to

exceed allowable leakage at specified operating
pressure. ,

Where shop and/or field tests are required by Table
9-1 and ASME NS510, the system designer shall specify
the test pressure and corresponding maximum allowa-
ble leak rate (scfm). Test pressure shall be selected
based on the test procedures in ASME N510 and the
maximum operating (static) pressure.

If the leakyrates are measured at a test pressure not
equal to the operating static pressure, the measured
leak rates shall be converted as follows to allow com-
parison to allowable unit leak rates at operating

pressure:
P 8 (1)
Ll = Lup -
Pup
where
L, = allowable unit leak rate at test pressure,
h]
cfm/ft=
L,, = allowable unit leak rate at operating (static

pressure, cfm/ft’
P, = selected test pressure, in. w.g.

P,, = operating (static) pressure, in. w.g.

NOTE: This assumes fully turbulent flow at both test pressure and
operating pressure. 1t flow is not fully turbulent, then the appropri-
ate relationship between airflow rate and pressure shall be used.
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5 COMPONENTS
5.1 HEPA Filters

HEPA filters shall meet the construction, material,
test, and qualification requirements of military speci-
fication MIL-F-51068, except that listing of manufac-
turer’s HEPA filter products on the U.S. Army’s
Qualified Products List is not required. Glass fiber
media shall conform to the requirements of military
specification MIL-F-51079. To be acceptable, filters
shall have docum¥ntation showing that they have
passed the tests designated by MIL-F-31068 for:

(a) newly designed HEPA fiiters,

() HEPA filters from a new manuiacturer or a
new manufacturing facility,

(c) HEPA filters being rerated for .: izher airflow
than originally qualified for.

Requalification is required to be pc. ;5. ed by the
manufacturer every 5 years.

5.1.1 Construction. Filters for usc . .ontainment
or in ESF systems shall be metal ca-- - ~c¢ (Type Il
frames as defined by MIL-F-51068) «i... . i be com-
patible with the chemical compos: T the air
stream. Filter systems exposed to temy o~ greater
than 200 °F shall have steel cell side»

5.1.2 Radiation Resistance. Rau: osistance
of filter media shall meet the requirem " MIL-F-
51079 and conditions listed in para. -

5.1.3 Documentation

5.1.3.1 A Certificate of Confe: + . shall be

provided to the owner certifying thu::

(a) the filter assembly has been dewi- i accord-
ance with para. 5.1;

(b) the materials of construction
paras. 5.1, 5.1.1, and 5.1.2;

(c) the filters and filter media have oo cualitied in
accordance with para. 5.1;

(d) the filters and filter media have been tested in
accordance with para. 5.1;

(e) the filters have been packaged in accordance
with para. 6.

5.1.3.2 In addition, the following Jocumenta-
tion shall be provided:
(a) copies of the production test resulits required by
Military Standards;
(b) copies of all filter case material certifications, if
required by the owner’s purchasing documents.

5.1.3.3 Listing of Manufacturer's HEPA filter
products on the U.S. Army’s Qualified Products list is
not required.

sanply with
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5.2 Adsorbers

5.2.1 Flat Bed and Pleated Bed Adsorber Cells.
Tray-type and deep bed adsorber cells shall meet the
requirements for Type Il or Type Il cells, respec-
tively, of ASME/ANSI AG-1-1988, Sections FD,
Type Il Adsorbers, and FE, Type I1I Adsorbers; and
shall be filled with an adsorbent, each batch of which
meets the requirements of para. 5.2.3.

5.2.2 Adsorber Design

5.2.2.1 Joints which are gasketed, caulked, or
sezled with elastomeric materials shall not be em-
ployed between the upstream and downstream sides of
the adsorbent bed, frames, or any part of the installa-
tion. Test cannisters for Type Il Adsorbers, or reser-
voir covers for Type 111 Adsorbers shall be gasketed to
the mounting surface. Perforated metal shall be in-
stalled with the smooth side in contact with carbon.

5.2.2.2 The adsorbent bed shall be so arranged
that no air can bypass the adsorbent and the minimum
residence time of air in the adsorbent is 0.25 sec per 2
in. bed depth. If there is significant potential for ad-
sorber degradation due to *‘poisoning’’ from con-
taminants in the airstream, a bank of unimpregnated
carbon may be installed upstream of the impregnated
adsorbent. There shall be no internal structures within
the adsorbent bed, such as through-bolts, where air
bvpass can occur,

5.2.2.3 Screens shall be supported by stiffeners
which are external to the adsorbent bed to assure uni-
formity and integrity of the bed.

5.2.2.4 Means shall be provided for filling the
air-cleaning unit with absorbent and compacting it to
uniform packing density throughout all cross sections
of the bed. In a vertical direction, this density shall
vary only to the extent that the lower portion of the
bed supports the weight of the adsorbent placed above
it. Adsorbers shall be filled in accordance with Appen-
dix D of ASME/ANSI AG-1-1988, Section FE. For
designs in which a fill hopper is included in the design,
a 5% by weight reserve capacity beginning one bed
depth above the perforated screen shall be included.

5.2.2.5 All materials in contact with the adsorb-
ent shall be Type 300 Series stainless steel.

5.2.2.6 Means shall be provided for emptying
adsorbent, including wet or caked adsorbent. Direct
access to the top and bottom portion of the air-
cleaning unit should be provided for emptying adsorb-
ent. The manufacturer of the air-cleaning unit shall
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provide instructions for removing the adsorbent un-
der a variety of conditions, including while wet and
caked. ALARA considerations should be incorpo-
rated into manufacturer’s design.

5.2.3 Adsorbent Requirements
5.2.3.1 Adsorbent media used in ESF adsorbers
shall meet the requirements of ASME/ANSI AG-1-
1988, Section FF, Adsorbent Media.

5.2.3.2 Adsorbent media used in non-ESF ad-
sorbers shall meet the requirements of ASME/ANSI
AG-1-1988, Section FF, Adsorbent Media.

5.2.3.3 For ESF and non-ESF adsorbent, tests
shall be conducted on unused adsorhent for the condi-
tions specified in the plant’s Technical Specifications.
These tests shall be referred to as benchmark surveil-
lance tests. Acceptance criteria shall be in accordance
with Technical Specifications. These results may be
used as a benchmark for comparing adsorbent test
performance after acceptance testing and following
each periodic surveillance test.

5.2.4 Drawings. Outline drawings showing major
dimensions, dimensional tolerances, methods of seal-
ing and baffling, and method of installation shall be
furnished. The drawings for all adsorbers shall show
the materials of construction and screen details (hole
diameter and spacing, open area) in accordance with
the IPA Designers, Specifiers and Buyers Handbook
for Perforated Metal.

5.2.5 Documentation
5.2.5.1 Standard Adsorber Cells. A report giv-
ing the information specified in Sections FD, FE, and
FF of ASME/ANSI AG-1-1988 shall be furnished to
the owner.

5.2.5.2 Other Adsorber Designs. A report giv-
ing the information specified in para. 5.2.5.1 shall be
furnished to the owner. A detailed written procedure
for filling and emptying the adsorber shall also be

furnished.

5.3 Prefilters and Postfilters

Prefilters and postfilters shall be replaceable, ex-
tended media, dry type, meeting the requirements for
Group III filters of ARI 680, and shall be listed as
Class I filters in the current UL Building Materials
Directory. Media should be moisture resistant.
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5.3.1 Rating. Filters shall have published ratings,
in accordance with ARI 680, as follows:

(a) average atmospheric dust-spot efficiency in ac-
cordance with ASHRAE Standard 52, for postfilters
of 95%, and 45% for prefilters;

(b) airflow capacity: same as or greater than
HEPA filters for the same filter frame face area.

5.3.2 Size. It is recommended that the filter frame
face dimensions of prefilters be approximately the
same (i.e., within + | in.) as the filter frame face
dimensions of the HEPA filters with which they will
be used.

5.3.3 Documentation. A report giving the outline
dimensions, description of construction, materials of
construction, certification of conformance with UL-
900, and certification of efficiency in accordance with
ASHRAE Standard 52 shall be furnished to the
owner.

5.4 Moisture Separators

Moisture separators shall be of a design that has

- been qualified by testing in accordance with the proce-

dures described in MSAR-71-45, NYO-3250-6, or an
equivalent program. Moisture separators shall be
found by test to be capable of:

(@) removing at least 99% by weight of the en-
trained moisture in an airstream containing approxi-
mately 1.5 to 2 Ib of entrained water per 1,000 cu ft,
and

(b) at least 99% by count of 5 to 10 um-diameter

droplets, without visible carryover, when operating at
rated airflow capacity.
The pressure drop at rated flow, when dry and when
wet, shall be established by qualification testing. Ma-
terials of construction (media, gaskets, etc.) shall be
such that the moisture separator can perform its de-
sign function under the radiation dose specified in
para. 4.2. Liquid removed by the moisture separators
shall be sent to a liquid radwaste system or a building
equipment drain sump. The selection of the system to
which this liquid is sent should be based upon its capa-
bility to handle the quantity and radioactivity level of
the liquid associated with the anticipated moisture
separator drainage. Drainage should not be open and
ALARA considerations should be accounted for in
drainage design. The drainage system shall be de-
signed so that it does not result in a bypass around air
cleaning components. Drains shall meet the require-
ments of para. 5.6.2.
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5.4.1 Drawings. Drawings showing the details of
construction, methods of sealing, baffling, and drain-
ing, dimensions, dimensional tolerances, resistance
characteristics, and method of installation shall be
furnished to the owner. The locations and sizes of
drains to remove collected water, materials of con-
struction, and other information required to properly
install, use, and maintain the moisture separators
shall be included on the drawings.

5.4.2 Documentation. A report showing the
results of satisfactory qualification testing of the type
of moisture separator proposed shall be furnished to
the owner if the equipment supplied has not been pre-
viously satisfactorily tested and repcriced in available
published literature as in MSAR-71-45. NYO-3250-6,
or other documents of comparable Jdetail.

5.5 Air Heaters

Heaters shall be electric and capab..  -eeting the
requirements of para. 4.5 of this Stan. "~ | Qualifica-
tion tests may be made on small scai- i2ls of the
complete heating assembly. Heaters - -2 designed
for replacement without metal cui:: - welding.
Heaters shall not be attached direct!" - -rounded

to the adsorber mounting frame. {; . - shall be

physically sized such that face veloci: ~ds manu-
facturer’s minimum requirement. 7' ! usually
result in a heater with a smaller cross--.. 1 that pre-
filter or HEPA filter banks. Heaters ~.:. . [ therefore
be located relative to HEPA filters ~uc:. .hat a uni-
form airflow distribution at the HEP .\ /ilter can be
obtained. The design of the air-cleani::. .:nit should

incorporate diffuser plates or other mic.ans 10 achieve

uniform airflow distribution at the HL > ilters in ac-
cordance with ASME NS510, if necessar~.

5.5.1 Heater Stage. The heater stage -hall be sized
on the basis of heat transfer calculations showing a ca-
pability of reducing the maximum expected relative
humidity of the entering airstream mixture to approxi-
mately 70% in the housing space between the moisture
separator or housing inlet (whichever is applicable)
and the prefilter stage, at the system design flow rate.
The sensible heat produced by the heater stage shail
not result in increasing air temperatures to more
than 225°F. An overtemperature cutoff switch set at
this value shall be provided. Manually reset overtem-
perature cutoff switches are not recommended for
ESF air-cleaning units located in areas not accessible

following a DBA.
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5.5.2 Drawings. Drawings showing the details of
construction, dimensions, dimensional tolerances,
size and location of services (i.e., electrical connec-
tions), and method of installation shall be furnished to
the owner.

5.5.3 Heaters for ESF Systems. Heaters in ESF
air-cleaning units shall be qualified to meet the
requirements of IEEE 323 and 1EEE 344.

5.5.4 Documentation. A report containing de-
scription and results of qualification testing, and the
resistance, certification and serial number(s) of the
heaters purchased shall be furnished to the owner. If
small scale model tests are the bases of design, scaled-
up calculations must be provided. Heat transfer calcu-
lations shall be submitted to the owner if requested.

5.6 Filter Housing

5.6.1 General Requirements. Housings shall be
designed and constructed to meet the structural and
pressure loadings of Section 4. Welding shall conform
with para. 7.3. Layout of the housing and banks of
components within the housing shall provide for ac-
cess to both sides of each bank of components for
maintenance and testing; and for uniform airflow
(within £ 20% of average) through each bank of com-
ponents; the completed housing shall meet the
requirements of the air-flow uniformity test of ASME
N510. It is recommended that no filter or adsorber
bank be higher than three 24 in. x 24in. HEPA filters
or nine Type Il adsorber cells unless permanently in-
stalled service galleries are provided at approximately
7 ft. intervals with permanently installed ladders to
provide for access to upper tiers of components for
service and testing.

HEPA filter and adsorber mounting frames shall
meet the requirements of para. 5.6.3, and shall be
sealed into the housing by welding; no mastics, seal-
ants, or caulking compounds shall be used to seal the
mounting frame. Duct and fan connections shall be
located with respect to the air distribution uniformity
requirement specified above. Housings shall be tested
by the manufacturer in accordance with para. 5.6.5.

5.6.2 Mechanical Design of Housings
(@) Housing Doors
(1) Design. Doors and door frames shall be of

marine bulkhead type or equivalent airtight construc-
tion capable of meeting the pressure-leak requirement
of para. 5.6.1.

Doors shall be of sufficient strength to withstand
the worst-case combination of possible loads without
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deformation that would impair function or unaccep-
tably impact pressure boundary integrity. This shall
include both long term loads (i.e., door clamps, door
weight, pressure differential) and short term loads
(such as pressure surges, closing/opening door, etc.).

Housing doors should avoid the use of sharp edges
which could catch or tear protective clothing.

(2) Size. Doors shall be of sufficient size that pas-
sage is possible by a person wearing anticontamina-
tion clothing and a respirator, and carrying the largest
routinely replaceable component used in that com-
partment. Where the housing size is less than the door
required, alternate methods of clamping, replace-
ment, inspection, and testing must be provided. Man-
entry doors shall have a minimum clear opening of 20
in. wide x 50 in. high.

(3) Seals. Sealing surfaces between door and
door frame shall be designed for compression sealing.
Door design shall incorporate means for adjusting
compression forces and gasket compression. Gaskets
shall be installed on door and a ‘“‘knife edge’’ sealing
surface for the gasket shall be provided. Gasket shall
be neoprene or silicone rubber with a recommended
30-40 Shore-A durometer.

The gasket shall be installed in as few pieces as pos-
sible to minimize number of joints. Gasket joints shall
be dovetailed-type to prevent leakage due to misfitting
butt joints.

The gasket shall be protected from possible damage
when the door is opened by installing gasket within a
channel or with a metal bar between door edge and
gasket to protect it in an equivalent manner.

(4) Hingesand Latching Lugs. Door hinges shall
be of sufficient strength to hold the door in correct po-
sition for gasket sealing. They shall allow free, low-
torque movement of the door. Hinges shall be
articulated so the door will seal against the gasket in
the same manner as if only a single axis was provided.

Latching lugs shall be of sufficient number, design,
location, and strength for long-term life and use.
Spacing shall enable a compression of at least 50% of
nominal gasket thickness and provide a gasket com-
pression uniformity of +20%.

(a) Lugs shall be located on all four sides of
each door.

(6) There shall be a minimum of six or eight
lugs, depending on door size (one top, one bottom,
two or three on each side). Doors with a width greater
than 30 in. shall be provided with a minimum of two
lugs on top and bottom.

(c) Lugsshallseal in less than 270 deg. motion.

(@) Lugs shall not have more than one handle
per location; that is, there shall not be a handle to
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position the inside clamp and a separate handle to
tighten the clamp down.

(e) Lugs shall be configured so that when
open, gravity will hold them in the open position.

(/) Lugs shall indicate (or have permanent in-
dication on the door) which direction to turn to open
or close. This shall be for each lug, or if all work the
same, then indicated once on each door.

(g) Lugs should open and seal with only the
torque that can reasonably be applied by an average
person while suited up. If additional torque is re-
quired, a specific tool to provide the torque shall be
supplied for each door, and so attached as to reasona-
bly assure that it will be available during the life of the
plant.

(h) Latching lug assemblies shall have a mini-
mum number of components and be designed so no
loose components can fall off.

(9 Latching lugs shall be designed to operate
with no lubricant required within the pressure
boundary.

Doors shall have provisions for locking and be fit-
ted with inspection windows. Windows should be wire
glass or high-strength plastic selected for the operating
environmental conditions. Doors shall be operable
from both sides. Sufficient clearance shall be provided
to enable doors to be opened so that they do not block
access to service aisles and can be opened sufficiently
to enable access for testing, filter replacement, repair,
or inspection.

Drawings for each type and size door shall be sub-
mitted to the owner for review prior to fabrication.
Door drawings shall show location and details of
hinges, latching lugs, and viewports. Details on latch-
ing lug design (including shims and washers) and gas-
ket installation shall be included.

(b) Lighting. Housings shall be fitted with vapor-
tight lights between each bank of components. Light-
ing fixtures shall be flush-mounted and serviceable
from outside the housing. Lighting levels shall be de-
termined based on personnel safety and inspection
and testing needs. Supplemental lighting for periodic
inspection may also be used. The light switch for each
light shall be located on the outside immediately adja-
cent to the door to the space served by the light. Con-
duits shall be located on the outside of the housing.

(¢) Drains. Each housing compartment shall have
floor drains which meet all allowable air leakage
criteria.

When piped to a common drain system, individual
drainlines shall be valved, sealed, trapped, or other-
wise protected to prevent bypassing of contaminated
air around filters or adsorbers through the drain sys-
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tems, inducing air from contaminated interspaces into
the air-cleaning unit, or blowing contaminated air
from the air-cleaning unit to a clean interspace.

Special consideration shall be given to additional
drains depending on required services or components
within each compartment. For example, additional
drains may be required for:

(1) moisture separators

(2) condensing cooling units

(3) adsorber water deluge fire protection sprays
The size selected for each drain furnished in a housing
shail be verified by calculation or :¢-i, and docu-
mented.

The number of normally open drains -hould be kept
to a minimum (i.e., drains should be .. cally valved
off when not needed during operatior- - reduce the
possibilities of degrading the pressur ~rundary or
bypassing thg air-cleaning unit or fil: .+ ks,

Traps or loop seals when used shc..:.. ~2 designed

for the maximum operating (stativ) . -2 the air-
cleaning unit may experience during fem startup,
normal operation, system transient-. <rem shut-
down. Provision should be made for - - or auto-
matic fill systems to ensure water fo .~ do not
evaporate. If manual filling is utilizc - ~rodic in-
spection or filling procedure shall be oited. A
sight glass should be considered to .i. - .pection,
The same applies if a local sump : 4 in the
design.

The drain system shall be designed - accept-
able backup of liquids into the housi: ~Loceur,
Hydraulic calculations shall be prep::. iocument
this feature of drain system design. I ~ushall be
made in plant radwaste system to “~wii maximum
coincident flow rate.

> rerformed

Initial testing of the drain system sha!
by the owner on site, after installation.
operability.

When shutoff valves or check valve: uic utilized,
they shall be initially tested on site, atter "nstallation,
and periodically thereafter for opcr:oility and
leakage.

Valve leakage shall be considered as purt of the al-
lowable housing leakage criteria derived in para. 4.14.
For check valves, surveillance inspections for opera-
bility and leakage shall be performed periodically in
accordance with air-cleaning unit Technical Specifica-
tion requirements.

(d) Housing Penetrations. All penetrations shall be
sealed by welding or having adjustable compression
gland-type seals.

All penetrations by electrical conduit piping and
sample and test manifolds shall be arranged and

L agmonstrate
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individually sealed or valved so that bypassing of
HEPA filters or adsorbers cannot take place. Electri-
cal conduit open to the inside of the housing shall be
internally sealed to meet the allowable leakage speci-
fied in para. 4.14.

(e) Housing Connections

(/) Duct-housing interconnections shall be de-
signed with consideration for air distribution uni-
formity requirement of ASME N510-1989. Provision
shall also be made to bolt on access covers on the hous-
ing inlet and outlet connections to facilitate in-place
leakage testing.

(2) Connection flange requirements shall be in
accordance with para. 5.10.

(3) To allow for periodic housing pressure sur-
veillance testing, a 6 in. diameter, 1 ft long, flanged
connection with a welded longitudinal seam shall be
provided at the housing inlet or the housing outlet for
connection to leak test blower assembly. A flanged,
gasketed cover plate shall be bolted to the connection.

() Flexible Connections

(/) Flexible connections shall be designed to
meet the requirements of paras. 4.2, 4.6, and 4.14.

(2) Flexible connections shall be rated by pres-
sure and qualified life. The qualified life shall be de-
termined by testing and/or calculation and based on
the environmental conditions provided by the Design
Specification. Minimum physical properties (i.e., ten-
sile strength) that are required to satisfy design func-
tion and which are subject to degradation due to the
environment shall be the basis of qualified life.

(3) Flexible connection pressure rating shall be
determined by an ultimate strength test. The pressure
rating of the connection shall be no greater than 50%
of burst pressure. Calculation of burst pressure can be
done in lieu of a test. Burst pressure shall exceed struc-
tural capability pressure.

(4) For qualification, flexible connections shall
be stressed over a minimum of 10 cycles and then leak
tested to demonstrate leak-tight integrity. Allowable
leakage and test pressure (fabric leakage and joint
leakage) shall be determined in accordance with para.
4.14.

(5) If adhesive is used in fabrication or installa-
tion of flexible connections, it shall be environmen-
tally qualified for use in expected environmental
conditions.

(g) Housing Drawings. Housing drawings showing
location and size of each door, drain, and housing
duct or pipe connection shall be submitted to the
owner prior to fabrication. Drawings should also
show location of lights, switches, and other appurte-
nances. Location of heaters, coils, filter banks, and

22

NUCLEAR POWER PLANT AIR-CLEANING
UNITS AND COMPONENTS

service space between banks shall be dimensioned.
Drawings shall include sufficient detail to allow calcu-
lation of internal volume for housing and frame leak
testing.

Detailed drawings and operating instructions in ac-
cordance with para. 5.6.2 shall be submitted prior to
fabrication.

Details of flexible connection construction, instal-
lation, and qualification shall be submitted prior to
fabrication.

Details of drain systems showing location, pipe size,
type of seals (valves, loops) shall be submitted to
owner prior to fabrication. Detailed valve drawings
shall be submitted, if used. Hydraulic calculations
and leakage test results shall be submitted prior to

shipping.

5.6.3 Component Mounting Frames. Mounting
frames for all components (moisture separators, pre-
filters, heaters, HEPA filters, adsorbers, and postfil-
ters) shall be all-welded construction and seal-welded
into the housing to prevent trapping of contamination
between frame and housing.

HEPA filter frames shall be of a face-sealed design
meeting the structural requirements of para. 4.3 of
ERDA 76-21 or be otherwise designed to prevent rela-
tive flexure between the frame and the components
mounted on the frame. Clamping of HEPA filters and
adsorbers which employ gaskets for sealing to the
frame shall be by a method which will produce a gas-
ket compression-deflection of at least 50% without
exceeding a stress in the clamping device of 67% of its
yield strength, and which will produce a uniformity of
gasket compression within + 20% of the average com-
pressed thickness. Threaded latching devices shall be
stainless steel with non-galling mating parts. Adsorber
frames shall be of a type which will adequately sup-
port the type of adsorber used; faces of the frame shall
meet the tolerances of HEPA filter frames given in
Table 4-2 of ERDA 76-21, and clamping devices shall
meet the requirements specified above for HEPA
filter frames. Frames should be vertical (horizontal
airflow); horizontal mounting frames are not recom-
mended. There shall be no penetrations of any compo-
nent mounting frame, except for test cannisters.
HEPA filters and Type I adsorber cells shall be indi-
vidually clamped to their mounting frames. Recom-
mendations for mounting frames and component
installation are given in paras. 4.3 (for bank installa-
tions) and 6.2.1 (for single filter installations) of
ERDA 76-21. Drawings of clamping devices for
HEPA filters and Type I adsorber cells shall be sub-
mitted to the owner prior to fabrication.
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5.6.4 Materials and Protective Coatings

5.6.4.1 Materials of Construction. Carbon,
stainless, and galvanized steel, aluminum, copper,
bronze, or glass used for the fabrication of parts, com-
ponents, air-cleaning units, and systems covered by
this Standard shall meet the requirements of, and be
furnished in accordance with, ASTM standards appli-
cable to the type of material or item. The ASTM num-
ber(s) for all such material and copies of supporting
documentation (i.e., test reports and/or materials-

manufacturer’s certification) shall be filed by the fab- -

ricator and made available to the owner on request.
Where a specific ASTM standard is required for an
item covered by this Standard, the designer shall spec-
ify and the fabricator shall use such material. Where
post accident spray chemistry may cause H, genera-
tion, the use of any material incompatible with the
spray chemistry shall be avoided.

5.6.4.2 Internal and external surfaces of both
ESF and non-ESF housings located inside contain-
ment shall be stainless steel or be treated with a paint
or protective coating that meets the requirements of
ANSI N101.2' (for light-water reactors) or the re-
quirements for *‘severe exposure’’ of ANSI N5122 (for
nuclear facilities other than light-water reactors): the
selection, application, and inspection of paints and
coatings shall conform to and be documented in ac-
cordance with the requirements of ASTM D 3843.°
Bronze, copper, aluminum and glass need not be
coated. Where conditions do not restrict its use (e.g.,
when no chemical additives are used in containment
spray systems), galvanized steel and aluminum are ac-
ceptable for external and internal housing surfaces.

5.6.4.3 Internal surfaces of ESF systems located
outside of containment shall be stainless steel, galva-
nized or electrolytic-zinc-coated steel, or treated with
a paint or protective coating meeting the requirements
for Service Level I, of ANSI N512 and Table 5-1; the
selection, application, and inspection of paints and
protective coatings (including zinc to the extent appli-
cable) shall conform to and be documented in accord-
ance with the requirements of ASTM D 3843. Bronze,

'ASTM D 3911 shall be substituted in the applicable paragraphs of
ANSI N101.2 regarding DBA requirements.

ZASTM D 3912 shall be substituted for chemical resistance tests in
ANSIN512. ASTM D 4256 shall be substituted in applicable para-
graphs for decontaminability tests of N512. ASTM D 4082 shall be
substituted in applicable paragraphs for radiation tolerance tests
of N512.

ASTM D 3843 shall be substituted for ANSI N101 .4 in applicable
paragraphs of ANSI N101.2 and N512.
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copper, aluminum, and glass need not be coated. In-
ternal surfaces of normally operating systems shall be
treated to meet the requirements of Service Level II of
ANSI N512 if environmental conditions do no signifi-
cantly change between normal and postaccident oper-
ation. For Service Level II coatings, the requirements
of Table 5-1 apply; however, the requirements of

" ASTM D 3843 do not.

Nongalvanized carbon steel external surfaces shall
be coated or painted for corrosion resistance. Where
conditions exist outside of containment (e.g., in sys-
tems containing sprays with chemical additives) which
restric the use of aluminum, galvanized or clecirolytic-
zinc-coated steel, external and internal -urraces of

ESF housings shall be in accordance i1 para.
5.6.4.2. e

5.6.4.4 Internal and external carbon -2l sur-
faces of non-ESF systems located outside “: -:ntain-
ment may be galvanized steel, electrolvtic- i+ - -oated
steel, or painted.

5.6.4.5 Galvanized surfaces shall .- ne re-
quirements of ASTM A 123; electrolvtic-. .- ~aed
surfaces shall meet the requirements ot = 5 of
ASTM A 164. Edges of steel sheared at" ing,
welds, and areas in which the galvanized - has
been removed for any reason shall be trea: BENE
organic zinc rich paint (qualified to ANS! Lo
restore the corrosion resistance of those ..

Galvanized surfaces that have been du:: . nail

be repaired with an appropriate qualified : - .per
ANSI N101.2. The damaged areas shall !~ "xito

provide an equivalent to the original coa:

5.6.5 Testing
5.6.5.1 Sampling and injection man: . ids in-

permanent installation within the housing. i porma-
nently installed manifolds cannot be pro\iucd. then
manifolds shall be designed to be removabie -} cach
manifold piece numbered, tagged with pcrmunent
metal tags, and marked for reinstallation prior :o cach
test. It should be noted that permanent manirold in-
stallations are highly recommended in order 10 obtain
better repeatability of test results and to eliminate the
need to enter housings which will decrease personnel
radiation exposure. As a minimum, injection and
sampling manifolds are required between each pair of
HEPA filter banks and between each pair of carbon
adsorber banks. For systems with no inlet ducts or no
outlet ducts, injection manifolds and sampling mani-
folds shall be located within the housing. Manifolds
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COATING PERFORMANCE REQUIREMENTS'

TABLE 5-1
General Exposure Decontamination Chemical Physical
Condition Radiation Factor Resistance Properties
System Type  Surface {Note {2)] Exposure, rads {Note (3)] {Note (4)] [Note (5)]
Air treatment Internal Light <5 x 108 10, min. Chem. exposure All
Air treatment  External Light <5 x 10° 5, min. Chem. exposure All, except
abrasion

NOTES:

(1) Coating performance requirements in accordance with ANS! N512.

{2) General Exposure Conditions per Section 2 of ANSI N512.

{3) Decontaminability per Section 4 of ANSI N512. Minimum value specified.
{4) Chemical resistance test (lining test or chemical exposure test) per Section 5 of ANSIN512.
{5} Physical tests (abrasion, adhesion, direct-impact resistance, weathering) per Section 6 of ANSI N512.

should conform with the general guidance given in
Appendix C.

Manifolds shall be:

(@) located to provide uniform mixing and sam-
pling of the test agent,

(b) located to allow for maintenance of the filter
elements, and

(c) designed such that they do not impair the func-
tion of the adjacent filter banks or the structural
integrity of the filter frames or housing when sub-
jected to the structural loadings listed in para. 4.2.

Each injection and sampling manifold shall be
shown on a drawing which indicates location within
the housing, distance from components, support
detail, tube diameters, hole locations and diameters,
location of valves and plugs, manifold identification
number, and manifold internal volume.

Drawings shall be submitted to the owner for review
prior to fabrication and final as-built drawings sub-
mitted to the owner after shop testing.

Manifold design and location shall be qualified by
shop tests per paras. 5.6.5.5 and 5.6.5.6.

5.6.5.2 Housings shall be visually inspected in
the shop prior to shipping. Visual inspection shall be
performed in accordance with applicable sections of
ASME N510-1989, Section 5. Observed deficiencies
shall be documented on a visual inspection checklist,
required corrective action noted, and results of rein-
spection documented. Visual inspection documenta-
tion shall be transmitted to the owner for his records.

5.6.5.3 Al HEPA filter frame and adsorber bed
welds which could result in leakage bypassing HEPA
filters or adsorber beds shall be shop tested with mag-
netic particle or liquid penetrant in accordance with
the requirement in para. 7.3. In addition, each HEPA
and adsorber frame shall be pressure leak tested in the
shop in accordance with ASME N510, Section 7.
Leakage shall not be greater than 0.1% of rated flow.

5.6.5.4 Housings or housing sections shall be
leak tested in the shop prior 10 shipment, in accord-
ance with ASME N510, Section 6. Leakage shall be no
greater than acceptance criteria provided by the
owner. Results of housing leak tests shall be transmit-
ted to the owner for his records.

5.6.5.5 Airflow distribution testing shall be per-
formed in the shop prior to shipment in accordance
with ASME N510, Section 8 to provide assurance that
manufacturer’s design provides uniform air distribu-
tion. Shop tests shall simulate actual field entrance
and exit duct connections as closely as possible. Field
testing shall also be conducted in accordance with
ASME N510.

Air-cleaning units which are duplicates in design
layout, and fabrication to other air-cleaning units
which have been successfully tested and documented,
need not be shop tested for airflow distribution. Ac-
ceptance criteria shall be as given in ASME N510.
Results of airflow distribution tests shall be docu-
mented and transmitted to the owner for his records.

5.6.5.6 Air-aerosol mixing uniformity tests shall
be performed in the shop for each manifold which is
provided by the manufacturer to be mounted within
the filter housing. Air-cleaning units and test mani-
folds which are duplicates in design, layout, and fabri-
cation to other air-cleaning units which have been
successfully tested and documented need not be shop
tested for air-aerosol mixing uniformity. Qualifica-
tion testing of sampling manifolds shall be conducted
in accordance with Appendix D. Qualification testing
of injection manifolds shall be performed in accord-
ance with ASME NS510, Section 9. Results of tests
shall be documented and transmitted to the owner.
These results shall qualify the design and installation
of the sample manifolds prior to shipment. Accept-
ance criteria shall be as given in ASME N510. Field
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testing shall also be conducted in accordance with
ASME N510 after installation.

5.7 Fans

5.7.1 Fan Selection. Fans shall be selected on the
basis of detailed system pressure loss calculations, and
shall be capable of producing the specified design flow
rates. The system designer shall, in accordance with
AMCA 201, prepare a system characteristic curve for
design and limiting conditions under which the fans
will be required to operate.

All resistances in the system, including clean and
dirty component pressure drops, (as well as test pres-
sure differential) full-open and intermediate control
damper positions, duct inlet losses, and losses in
ducts, housing inlets and outlets, and fan inlets and
outlets shall be considered in the estimate of the sys-
tem characteristics. A set of constant speed fan per-
formance curves, showing the static or total pressure,
corresponding efficiency, capacity, and brake horse-
power shall be obtained from the fan manufacturer
for each fan configuration. Fan inlet and discharge
configurations, or other system characteristics, that
would adversely alter the published fan performance
shall be avoided. Fan size shall be chosen after per-
forming an analysis of the system characteristic and
fan performance curves, considering all system fac-
tors including temperature, pressure, required airflow
and, particularly for fans operating in postaccident
primary containment atmospheres, density and vis-
cosity of the air or air-steam-entrained-water mixture.

Fan selection shall also allow for test conditions in
accordance with ASME N510. The system designer
shall identify the maximum allowable differential
pressure for each filter bank plus a margin to accom-
modate filter loading which may occur prior to the
next surveillance (typically 25% of the coincident
dirty filter differential pressure). The fan and system
characteristic curves shall be included in the system
documentation. The fan shall be selected to operate
on the stable portion of its pressure curve under all op-
erating conditions. Provision shall be made in the de-
sign to maintain stable operation under the design
flows and varying pressure range. Inlet vanes, inlet/
outlet damper modulation, variable speed fan control
are acceptable alternatives.

The method of fan selection, together with all perti-
nent data, shall be documented. Direct-drive fans are
recommended for systems located inside contain-
ment. Belts, elastomeric seals, bearing lubricants,
protective coatings, and other nonmetallic items and
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materials shall be selected to perform their required
function under the environmental conditions speci-
fied in para. 4.2. Fan construction, arrangement, and
other characteristics shall be established in accordance
with AMCA 99. Materials and protective coatings of
fan housings shall be in accordance with para. 5.6.4.

5.7.2 Rating or Test. ESF fans shall be tested in ac-
cordance with AMCA 210 and the applicable special
sections of AMCA 211A. Only one fan of each size
and type must be tested. Non-ESF fans «hail be either
rated and listed in accordance with AMCA 211A or
tested the same as ESF fans. The rating or fan test
shall be based on the standard test con i guration most
closely representative of the manner in .. ;i i the fan
will be installed in the nuclear air treatimne: - vstem. As
an alternate to the above, testing may "2 ‘>nein ac-

cordance with the owneg’s instructions :c -. :ulate, as
nearly as possible, actual operating con.'.. - : that the
fan(s) will be subjected to in operation. nies of the
rating report or test report shall be obtz:. - from the
fan manufacturer, together with copic.  :irtinent
catalog data, performance data, and .- - o and
service manuals for inclusion with the J:. iation
for the system. Sound ratings for the - ~od on
data obtained in accordance with A ‘r and
reported in accordance with AMCA =l be
furnished.

5.7.3 Balancing and Vibration. Fur Shall
be dynamically balanced prior to final - 1 the
fan. Records shall be maintained in ven.: e,

The double amplitude of vibration o .:» niane
measured on the bearing cap at the roiu: i rotor

speed shall not exceed the following:

Rotational Speed Double i Lo
(rpm) (mii
600 R
720 2"
900 2
1200 1.6
1800 1.1
3600 0.3

Displacement may be interpolated for other speeds.
Final balancing shall be performed after fan instal-
lation is completed.

5.7.4 Drawings. Certified drawings showing out-
line dimensions, base or mounting dimensions, di-
mensional tolerances, duct connections, method or
details of motor attachment, and other information
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necessary to install, use, and maintain the fan shall be
furnished to the owner and included in the documen-
tation. The drawings shall also show the recom-
mended motor, belts (if any), couplings, drive units,
materials of construction, protective coatings, and
lubricants.

5.7.5 Documentation. A report giving a descrip-
tion and results of qualification tests shall be fur-
nished to the owner. The report shall include all
calculations and descriptions of any analytical or
mathematical modeling techniques, a description of
any computer codes used with reference to computer
code validation documentation, or other tests made in
conjunction with the certification or qualification of
the fan or fan assembly.

5.8 Fan Drives

5.8.1 Integral Horsepower Motors — General.
Motors shall comply with and be tested and rated in
accordance with applicable requirements of NEMA
MG-1, and IEEE 112A. Performance shail be verified
by either test or certification as specified for each re-
quirement. Rated service factor shall be a minimum of
1.0 unless specified otherwise.

Motors shall be of the type specified for the in-
tended service. The operating characteristics to be
specified shall be: voltage, frequency, operating envi-
ronment including total radiation does and maximum
dose rate anticipated, environmental temperature,
and any identifiable special considerations such as ab-
normal pressures or pressure transient conditions.

Motors shall be sized to supply maximum mechani-
cal load demand without exceeding the rated horse-
power under all identified operating conditions and to
produce the required torque and acceleration as re-
quired by the driven equipment under the most ad-
verse voltage, frequency and conditions specified, and
shall be designed for the starting sequence specified by
the design engineer.

Bearings shall be rolling-element type and shall
require lubrication no more frequently than annu-
ally under constant, normal operating conditions.
Bearings shall be rated in accordance with the
Anti-Friction Bearing Manufacturers’ Association
standard for the minimum life specified. Lubricants
shall be satisfactory for the environmental conditions
specified in para. 4.2.

Motors shall be equipped with thermal overload
protection. Provisions to indicate bearings and wind-
ing temperatures, vibration limit switches and heaters
should be considered.
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Motors shall be equipped with terminal boxes of
sufficient size to accommodate both motor and line
leads without severe distortion of either set which
might impose excess stress on the wire insulation. Ter-
minal boxes shall be gasketed to prevent inleakage of
the surrounding environment. Separate terminal
boxes shall be provided for accessory equipment and
instrumentation connections. All connections shall be
made by the mechanical method specified. All connec-
tions shall be clearly marked or labeled to identify cor-
rect function.

Motors shall be equipped with eyes, lugs, or other
lifting provisions.

Noise level shall be determined in accordance with
IEEE 85.

Motor nameplates shall have, as a minimum, the
information specified in NEMA MG-1.

5.8.2 Drives for ESF Systems. Drives in ESF sys-
tems shall comply with IEEE 323. In addition, drives
of ESF systems located inside containment shall be
qualified in accordance with IEEE 334.

ESF fan drives shall be qualified in accordance with
IEEE 344. Motor supports and hangers shall be de-
signed to withstand all seismic and operating loads
with the motor in its normal operating orientation
without impairment of operating characteristics.

5.8.3 Drawings and Documentation. Certified
motor data sheets and dimension drawings showing
major dimensions, dimensional tolerances, base or
mounting dimensions, and other data needed for in-
stallation of the motor shall be furnished to the owner.
Documentation specified in the IEEE standard cited
in para. 5.8.2 shall also be furnished for ESF system

motors.

5.9 Dampers

© 5.9.1 Classification. Dampers for nuclear air
treatment systems, are classified by function, configu-
ration type, construction class, and leakage class as
follows.

5.9.1.1 Functions

(@) Flow Control. Varying or maintaining a flow
within a nuclear air treatment system in response to a
signal.

(b) Pressure Control. Varying or maintaining a
pressure within a nuclear air treatment system or a
space served by same in response to a signal. Also,
varying or maintaining a differential pressure between
parts of a nuclear air treatment system or between
spaces in response to a signal.
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(¢) Balancing. Fixing the position of one or more
dampers to establish flow or pressure relationship in a
nuclear air treatment system.

(@) Shutoff. Stopping flow through some portion
of a nuclear air treatment system.

(e) Isolation. Sealing a system or a portion of a sys-
tem from selected flow paths.

() Backdraft Prevention. Preventing reversal of
flow.

(8) Fressure Relief. Limiting differential pressures
across a duct, casing, or building wall to a predeter-
mined value. '

5.9.1.2 Configurations

(@) Parallel Blade Damper. A multiblade damper
having blades which rotate in the same direction (see
AMCA 500).

(1) With centrally pivoted balanced blades.
(2) With eccentrically pivoted or edge-pivoted
blades.

(b) Opposed Blade Damper. A multiblade damper
having blades which rotate in opposite directions (see
AMCA 500).

(¢) Butterfly Valve. A valve with one centrally piv-
oted balanced blade, designed for high pressure (25 psi
minimum rating) and which meets the requirements of
Construction Class A.

(d) Single Blade Damper. A damper having one
blade. ,

(1) With a centrally pivoted balanced blade.
(2) With an eccentrically pivoted or edge-pivoted
blade.

(e) Wing Blade Damper. A damper with two blades
eccentrically pivoted or pivoted from a central post.

() Poppet Damper. A single blade damper with
linear blade motion which is always perpendicular to
the seat.

(g) Slide Gate Damper. A damper with one or two
blades which move in, and are supported by, parallel
guides.

5.9.1.3 Construction

(a) Class A meets ANSI B31.1.
(b) Class B meets para. 5.9.3.2.

5.9.1.4 Leakage Class

(a Class I, bubble tight as determined by the test of
para. 5.9.7.3.

(b) Class 1I, Maximum leakage as specified in
Table 5-3.

(¢) Class III, Maximum leakage as specified in
Table 5-3.

(d) Class 1V, leakage not a consideration.
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5.9.2 Design Considerations. The following sup-
plemental parameters shall be considered for each
damper when establishing design requirements in ad-
dition to those delineated in para. 4.2:

(@) function of damper

(b) configuration

(¢) construction classification

(d) leakage classification

(e) dimensions and space required tor installation
and service

() maximum pressure differential across closed
damper

(g) maximum pressure drop across wide-open
damper at rated airflow, in. w.g.

(h air stream and ambient temperaru- range

() normal operating position of biu . -

(/) damper orientation (horizontal ~  -r:ical) and
method of mounting and direction of - .+ i w

(k) blade orientation relative to fra... - Jamper

(/) failure position

(m) operator type, power source

(n) maximum clpsure or opening :::..

(o) seismic requirements

(p) shaft sealing

(@) bearings and lubrication

(r) position indication, limit swit.: < other
options
Recommended damper minimum re s for
leakage and construction are given in | . - Maxi-
mum permissible damper leak rates tc: ~1land
II1 are shown in Table 5-3. Table 5-4 . multi-
pliers for obtaining maximum perr:: cakage
rates when dampers are tested at high.- Sures.

5.9.3 Design Requirements. Dun:: -hall be
constructed to meet the applicable Jv-. - onsider-
ations within the following requireme::

5.9.3.1 Construction Class A. : ..n-(ruction

Class A dampers meet the requirements i~ valves of
ANSI/ASME B31.1.

5.9.3.2 Construction Class B. Cuii-iruction
Class B dampers shall be industrial qualitv construc-
tion: all parts, including frame, blades. pivots,
shafts, bearings, linkages, and operators, <hall be de-
signed to the following minimum criteria.

(a) Frame. Frames shall be rolled, formed, or fab-
ricated into a channel shape having a minimum width
of 4in., minimum flange height of 1': in., and a mini-
mum thickness of % in.

Frame deflection under design loadings shall not
exceed Y0 of the span in any direction.
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TABLE 5-2 DAMPER CLASSIFICATION FOR
CONSTRUCTION AND LEAKAGE

Construction Leakage
Class Class
Function of Damper [Note (1}] [Note (2)) [Note (3)]
Flow control B 1]
Pressure control B i
Balancing B v
Shutoff
{a} Contaminated air stream A.B |
{b) Noncontaminated air stream B - "
[Note (4}]
Isolation
(a} Contaminated air stream AB |
(b) Noncontaminated air stream B I
{Note (4)]
Backdraft prevention
{a) Contaminated air stream B.A [l
{b) Noncontaminated air stream B 1l
[Note (4})]
Pressure relief B I

NOTES:

(1) Where a damper serves more than one function, for example, flow control and shutoff, then
the more stringent leak class governs.

(2) Refer to para. 5.9.1.3.

{3} Refer to para. 5.9.1.4.

(4) Where the calculated biological effects on complete damper failure are within governmental
guidelines for continuous exposure, the air stream may be considered noncontaminated.

TABLE 5-3 MAXIMUM PERMISSIBLE DAMPER LEAK RATE,
CLASS Il AND 1II

Maximum Permissible Leak Rate scfm/sq ft
of Damper Face Area, at 1in. w.g.
Differential Pressure [Note (1)]

Damper Blade Length

or Diameter, in. Leakage Class Il Leakage Class Il
12 15 60
24 10 40
36 8 32
48 8 32

NOTE:
(1) Interpolation may be used for other blade lengths. Extrapolation is not recommended.
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TABLE 5-4 MULTIPLYING FACTORS FOR
OBTAINING MAXIMUM PERMISSIBLE
LEAKAGE RATES AT HIGHER PRESSURES

Muitiplier
[Note (1))

Differential
Pressure, in. w.g.

1.4
1.7
2.0
2.2
2.4
2.6
2.8
3.0
10 3.2
11 3.3
12 3.5

O©WoO~NOOO A WwN

NOTE:
(1} Multiplier = (differential pressure, in. w.g.)
applied to leakage noted in Table 5-3.

Y2 which is

Duct-mounted dampers should have predrilled
mounting flanges, and should be designed for mount-
ing between flanged sections of ductwork. Balancing
dampers may be designed for flanged or slip-in
mounting.

(b) Blade and Shaft. Blade edge and shaft deflec-
tion shall not exceed Y360 of span or % in., whichever is
less, under the forces produced by operation of the
damper at 1.5 times the design conditions for flow and
pressure, and shall not cause the leakage criteria to be
exceeded. Shafts shall be solid and extend the full
blade length with minimum diameters of % in., except
dampers smaller than 19 in. by 19 in. may be designed
with minimum shaft diameter of ' in. Blades shall be
welded or through bolted to the shaft in such a manner
that the integrity of the attachment can be verified.

Minimum blade thickness shall be 16 gage (0.059
in.) and 18 gage (0.047 in.) for single and double thick-
ness steel blades, respectively.

Blade and edge seals shall be radiation and corro-
sion resistant.

(¢) Linkage. Linkage should be located outside of
the air stream, and component design shall include at
least the following minimum requirements.

(1) Brackets, arms, and levers shall be of suffic-
ient length and stiffness to provide stable operation of
the damper blades without flutter or binding, at all
blade positions.

(2) The linkage system shall be designed to de-
liver sufficient torque to each blade to properly set the
seals of each and every blade.
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(3) All linkage components shall be designed to
transmit the required torque without exceeding the
maximum stresses listed in para. 5.10.3.3. The re-
quired torque shall be defined as twice that portion of
the damper torque the component is expected to trans-
mit or the maximum actuator torque capability when
the component may be required to transmit the full
torque capability of the actuator.

(d) Bearings. Bearings shall be flange-mounted, lu-
bricant impregnated, sintered bronze type or rolling
element type for temperatures of 200 °F or less.
Dampers which must be operable in femperatures ex-
ceeding 200 °F shall have external rolling 2lement type
bearings. All rolling element bearings -hall be pro-
vided with grease fitting for lubricaticn Searings for

vertically oriented blades shall be desizrcd for thrust
loads.

(e) Stress. Allowable stress for :-ar:... blades,
shafts, and linkage shall be in accordzn:: +ith para.
5.10.3.3. 0

5.9.4 Welding. Welding of Cons:: . :on Class A
dampers shall comply with the require: T ANSI/
ASME B31.1. Welding of Constri:. ‘lass B
dampers shall comply with para. 7.3.

5.9.5 Operators. Operators shoui. ~ed out-
side of the air stream and should be : . sounted
by the damper manufacturer. Ope: .. Taue re-
quirements shall be specified by the du- “anufac-
turer. Operators shall be designe.: - ~vide a
minimum of 1.5 times the torque :« sucified
maximum leak rate requirements or - “2quire-
ments, whichever are greater. Elec rowered
operators, solenoid valves, and limit <« : _~o< used in
ESF systems shall be qualified to mec' - require-
ments of IEEE 323 and IEEE 334. Positi* = _king de-

vices shall be provided on balancing a1« manual
operators.

5.9.6 Position Indicators. Dampcr- ' external
rotating shafts shall have a mechanical »o-:rion indi-
cating arm and escutcheon plate; damper- +hich will
be remotely indicated shall aiso have the necessary
switches, relays, or other devices necessary 10 meet the
requirements of para. 4.8. Electrical switches used for
remote indication of the damper position in an ESF
system which are specified to perform additional
safety-related functions shall be required to meet the
requirements of I[EEE 323.

5.9.7 Tests

5.9.7.1 Qualification Tests. Flow character-
istics and pressure drop for dampers shall be
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determined in accordance with AMCA 500. Leakage
rates for Leakage Class I shall be determined by the
method described in para. 5.9.7.3. Leakage rates for
Leakage Classes II land I1I shall be determined in ac-
cordance with AMCA 500. Copies of test reports for
Leakage Classes [ and II shall be furnished to the
owner; copies of test reports for Leakage Class III
shall be furnished to the owner when specified. Listing
of Leakage Class II and III dampers in the Directory
of Products Licensed to Bear the AMCA Certified
Rating Seal, current edition, shall be evidence of meet-
ing the qualification test requirements.

5.9.7.2 Shop Tests. Each damper (except man-
ual balancing dampers) and its accessories shall be cy-
cled at least 10 times from the full-open to the
full-closed position to check the free operation of all
parts and correct adjustment, positioning and seating
of blades. On completion of cycling, the alignment
shall be reworked, if necessary, to correct deficiencies
before shipment. When shop leakage tests are re-
quired, they shall be performed after the cycling test
and after the deficiencies have been corrected.

5.9.7.3 Bubble Test. The following test shall be
conducted on each leakage Class I damper assembly.
The damper assembly shail be bolted to a sealed cham-
ber which is then pressurized to the specified pressure;
there shall be no bubbles when tested with a soap solu-
tion in accordance with the Bubble Method of leak
detection in ASME N510-1989.

5.9.8 Reports
The manufacturer shall furnish the following items to
the owner:

(@) pressuredrop, in. w.g., at design airflow capac-
ity, with AMCA 500 apparatus setup figure;

(b) air leakage rate, cfm/ftz, in full-closed position
at specified pressure differential, and torque with
AMCA 500 apparatus setup figure;

(¢) maximum torque required by damper, ft-lb;

{(d) operator torque available in position corre-
sponding to maximum damper torque;

(e) shop leak test report when required;

(N IEEE qualification reports on electric-powered
operators and electric accessories.

All reports, data, and manuals furnished by the manu-
facturer shall be marked to show the manufacturer’s
name and damper identification,

5.9.9 Drawings. Certified Drawings showing the
eeneral arrangement and principal dimensions of the
cquipment including operators and accessories, and
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cross sections througn the equipment shall be submit-
ted to the owner. This shall include size, type, and
location of all support connections.

All drawings shall properly dimension and locate
the position of the operator in three directions to per-
mit verification of adequate clearance and access for
maintenance. Each drawing shall include all damper
unique performance and design parameters such as
failure mode, leakage. and torque requirements, etc.

Certified copies of manufacturer’s outline prints of
electrical control equipment, wiring diagrams, and
schematic diagrams covering all electrical equipment
that is factory-wired shall be submitted to the owner.

Drawings of mechanical components of control
equipment (if any), including diagrammatic layouts of
the control system shall also ve submitted to the
owner.

Drawings shall contain details of damper linkage,
coupling between damper shaii and operator, attach-
ment of damper blade to shaft and attachment of
damper seals.

5.9.10 Preparation for Shipping. Dampers shall
be prepared for shipment in accordance with para.
6.1.

5.9.11 Coatings. Coatings shall be in accordance
with para. 5.6.4.

5.10 Ducts

5.10.1 General. The duct system shall be designed
and constructed to meet the structural and pressure
loading and leaktightness of Section 4, while trans-
porting a possibly contaminated or treated air or gas
stream from the point(s) of collection to the point(s)
of intersection with plant ventilation system or dis-
charge to a plant vent stack.

5.10.2 Design Considerations. The following
suppiemental parameters shall be considered for the
duct system when establishing design requirements in
addition to those delineated in paras. 4.2, 4.4, 4.5, and
4.6:

(a) duct size

(b) methods of support

(c) system operating pressure

5.10.3 Structural Requirements
5.10.3.1 General. Transverse joints and longi-
tudinal seams shall be designed to retain their struc-
tural and sealing integrity when subject to the design
loads.
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5.10.3.2 Loadings. Stresses and deflections, or
charts used to determine them, shall be based on
calculations that consider the following loads where
applicable.

(a) Differential pressure across the duct wall as
affected by:

(/) maximum positive or negative pressure dur-
ing all conditions of operation accounting for possible
damper positions;

(2) pressure transients due to:

(a) pipe breaks, including both postulated

Loss-of-Coolant Accident (LOCA) and lesser pipe

break incidents which may cause external pressure
rises and/or internal pressure pulses originating in sec-
tions of duct with openings in possible pipe break
areas;

(b) extreme wind conditions, including tor-
nado, hurricane;

(c) rapid damper, plenum door, or valve
closure;

(b) duct weight, including insulation;

(c) duct sections with exposed top surfaces, which
could be used as a walkway or crawl space, shall be
capable of supporting a 250 lb weight concentrated
midway between hangers;

(d) seismic forces;
~ (e) thermal expansion.

5.10.3.3 Stress. Allowable stress shall be 0.6 of
the yield stress for loads encountered during normal
plant operation and shutdown, and shall be 0.9 of the
yield stress for combined loads which include the Safe
Shutdown Earthquake and Design Basis Tornado.

5.10.3.4 Static Deflection. Allowable static de-
flections shall not exceed the following values:

(@) plate or sheet: ' in. per ft of the maximum
unsupported panel span in direction of airflow but not
more than % in. relative to stiffeners;

(b) stiffeners and flange connections: ' in. per ft
of span but not more than ¥ in;

(¢) flange connection to dampers and fans: Yo of
the span or % in. maximum.

5.10.4 Duct Construction. Transverse joints shall
be gasketed flange, seal-welded flange, or butt-
welded. Longitudinal seams shall be either all-welded,
seal-welded mechanical, or in accordance with
SMACNA — High Pressure Duct Construction
Standards (Pittsburgh Lock or ASME Lock Seam) as
required to meet structural and leaktightness require-
ments of paras. 5.10.3 and 4.14, respectively.

Mechanical lock seams, if used, must meet seismic
structurai design requirements. For all-welded joints,
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the minimum duct thickness shall be 18 gauge (0.047
in.) to ensure reliability of the weld. Turning vanes,
where used, shall be reinforced and fastened to the
duct elbow by welding to withstand the loading speci-
fied. Radius elbows, where used, should have a mini-
mum centering radius of 1.0 times the width or
diameter of the duct in the plane of the bend.

Placement and design of hangers and supports shall
meet the stress criteria given in para. 5.10.3.3 when
considering the sources of load giten in para.
5.10.3.2.

Stiffeners shall be of sufficient sizc and quantity
and welded to the duct to meet the structu:ai require-
ments of para. 5.10.3. Stiffener mater:ui- shall be
compatible with the material of the du.t.

Supports shall be formed of fabrica:. - -tructural
members of a material compatible witr: ~ = suct and
stiffeners. Supports shall be securei: coned to
building members by welding or by the - olts.
Supports shall be fastened to the duct o+ - “:nersin
accordance with the structural require::

Accessories shall be provided, as req: or the
termination of the dfict at outlets and .. cess
doors shall be provided for inspection .- :.ate-
nance of devices mounted inside the ... 2ess
doors shall be designed and installed to ak-
age in accordance with the allowable lez: ara.
4.14.

Duct ends of flexible connectors shali wored
and positioned such that they do no: - the
fabric.

5.10.5 Welding. Welding shall be ° e
with para. 7.3.

5.10.6 Materials. Ducts may be fak- . ' irom
stainless steel, carbon steel, galvanized neet.
plate, pipe, or rolled structural section- -ural
members may be fabricated from plain ;.. cnized
carbon steel.

Stainless steel shall conform to ASTN! * #A6 or
ASTM A 240. Carbon steel shall conform -+ .~ TMA

36 for structural shapes or ASTM A 283 Graac« " or D,
or ASTM A 284 Grade C or D for plate. Curinon seel
shall be hot-rolled pickled and oiled per AST{ \ 370,
or hot-rolled pickled and oiled, or cold-roiled per
ASTM A 606 or A 607. Galvanized steel shai. be :n ac-
cordance with ASTM A 526 or A 527, coated to
ASTM A 525, Coating Designation G90.

Use of nonmetallic materials in fabrication or in-
stallation of ducts and duct components shail. in addi-
tion to considerations of allowable stress, be based on
resistance to deterioration from contaminants, heat,
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pressure, and radiation, and shall not support
combustion.

5.10.7 Coatings. Coatings shall be in accordance
with para. 5.6.4.

5.10.8 Testing '
5.10.8.1 Air Leakage Test. Except where ex-
cluded below, duct sections shall be subjected to air
leak tests as described in ASME N510-1989 using the
criteria given in para. 4.14.

A duct section need not be subjected to quantitative
measurement of leakage if one of the following condi-
tions is satisfied. However, a procedure to pressurize
the system and locate and seal all audible leaks shall be
applied.

(a) All ESF and non-ESF ducts serving the pro-
tected space, are located within the protected space,
regardless of length.

(b) All negative pressure ESF and non-ESF ducts
that pass through clean interspace.

(¢) All positive pressure ESF and non-ESF ducts
that pass through contaminated interspace with an
MPC within the duct (C,) less than or equal to 1.1
times the room MPC (C,):

C;s1.1C, (2)

(d) Non-ESF and ESF positive pressure ducts that
pass through a ‘‘Clean Interspace,’’ and the effective
concentration within the duct is less than 5 MPC.

(e) Non-ESF and ESF negative pressure ducts that
pass through a contaminated interspace with an MPC
(C,) that is no greater than 1.1 times the MPC within
the duct (Cp):

C, < 1.1(Cp 3)

() All plant vent stacks or ducts that are located
outside plant buildings and no high-level or mixed-
mode release credit is required to meet offsite dose
limits.

5.10.8.2 Structural Capability Test. A pressure
test shall be performed on those portions of ducts and
housings of once-through and recirculation nuclear
air treatment systems which could be subjected to fan
peak pressure due to closure of dampers on suction or
discharge of fan. The test shall be performed at the
structural capability pressure established in para.
4.6.6. When duct construction is greater than
SMACNA-recommended duct construction for the
maximuin design pressure, then Structural Capability
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testing is not required. If required, ducts shall be
tested in accordance with Structural Capability pres-
sure test of ASME NS510. Upon completion of the
pressure test, ductwork exhibiting permanent distor-
tion or breach of integrity shall be repaired or re-
placed. The pressure test shall be repeated after
repairs until no permanent distortion or breach of in-
tegrity is observed.

5.10.9 Balancing. Prior to declaring the nuclear
air treatment system operable, all duct systems shall
be balanced to achieve design flow rate at the fan(s)
and to maintain spaces at the required pressure differ-
ential. Upper and lower flow limits shall be estab-
lished by owner such that design function of the
system is maintained and equipment capabilities are
not exceeded.

6 PACKAGING, SHIPPING, RECEIVING, STOR-
AGE AND HANDLING OF COMPONENTS

6.1 Preparation for Shipping

Adsorber cells (Type I or 1I) shall be prepared for
shipping in accordance with applicable Sections of
ANSI/ASME AG-1-1988. Prefilters and after filters
shall be packaged in accordance with manufacturer’s
standard practice. Moisture separators, HEPA filters,
heaters, Type III adsorbers, motors, fans, and
dampers should be packaged in accordance with
ANSI/ASME NQA-2-1986 (level as appropriate for
each component) and shall be crated or skidded, or
both, in a manner that will protect the item from phys-
ical damage and exposure to dirt, weather (including
road spatter), and vibration during shipment and sub-
sequent storage at the installation site for conditions
in para. 4.2 of this Standard. Housing openings larger
than 6 in. shall be covered with weather resistant pan-
els thick enough, or reinforced sufficiently to limit de-
flection to less than one-half of the panel thickness
under a pressure of 3 in. w.g. Panels shall be bolted to
flanges or otherwise attached so they cannot be torn
loose during shipping. Openings 6 in. in diameter and
smaller shall be sealed or capped with plastic plugs.
Unpainted carbon steel surfaces shall be coated with a
rust inhibitor before packaging.

6.2 Receipt and Storage

HEPA filters and adsorbers should be stored in
their original cartons in an environmentaily controlled
room. HEPA filters shall be oriented vertically with
their pleats vertical, and be stacked no more than three
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cartons (slightly over 6 ft) high unless intermediate
bracing or flooring is provided to prevent the weight
of the upper tier from bearing on the lower tier. Tray
type (Type II) adsorber cells shall be stored horizon-
tally and stacked no more than 5 high unless interme-
diate bracing or flooring is provided. Unless there is
obvious damage to the cartons, HEPA filter and ad-
sorber cartons should not be opened prior to use, or
removed from shipping pallets or skids until immedi-
ately ready for installation. Adsorbent shall be pack-
aged, and stored in accordance with ANSI/ASME
AG-1 Section FE.

Where possible, items such as motors, dampers,
heaters, etc., should be stored on racks or platforms,
off the floor. While in storage, items should be
checked periodically (weekly recommended) to ensure
that wrappings are not disturbed. Storage areas
should be uncluttered and permit easy access to items
without the necessity of moving other items to get to
them. An item-control procedure should be estab-
lished in the storage area to ensure that items are not
removed from the area without proper authority, and
to prevent improper or rejected items from being in-
stalled in the system. Materials and components shall
be moved and handled in a manner that does not dam-
age the item or its packaging. If plugs, caps, or wrap-
pings are removed for receiving inspection, they shall
be replaced and positively sealed immediately upon
completion of the inspection. Receiving and storage
personnel shall be informed of the necessity of proper
handling of all components, especially the HEPA filt-
ers and carbon adsorber cells.

7 INSTALLATION AND ERECTION
7.1 Drawings

Complete system layout drawings showing the loca-
tion of housings, ducts, fans, dampers, and the other
external components in each of three mutually per-
pendicular planes shall be prepared prior to the start
of erection. Drawings shall show all connections,
hangers, and anchors, the location and joint details
for all welds, and the procedure specification for each
weld. The layout drawings shall reference dimension
and shop drawings of components, as applicable.
Layout shall be checked for interferences with other
items to be installed in the area, and conflicts shall be
resolved before installation.

7.2 Erection

All ducts, housings, fans, dampers, hangers, anchors,
and services (electrical, steam, drains, etc.) shall be in-
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stalled in strict conformance with the layout drawings;
deviations of more than the design tolerance from the
location in any plane from the position shown in the
drawings shall be approved by the system designer or
other responsible engineer, and shall be documented
by ‘‘as-built drawings.’”” Prefabricated duct subas-
semblies should be made as large as practicable to
minimize field joints and field welding. Housings shall
not be used to support other equipment of the facility
for which it was not designed; field runs of pipe, duct,
or conduit or other systems of the facility <hall not be
permitted to penetrate the housing. Internal compo-
nents (filters, adsorbers, etc.) shall not b2 i1::talled un-
til immediately before the system is resented for
testing, and shall not be removed from :!..... :artonsor
crates until they are ready to be installed T2 recom-

mendations for handling and instailari. 7 HEPA
filters given in Appendix C of ERDA ~< .. <hall be
complied with.
7.3 Welding

Welding procedures, welders, and - . .\pera-
tors shall be qualified i, accordanc. YNSI/
ASME AG-1-1988. For material thic- reater
than or equal t0 0.125 in., AWS D1.] «: - Sec-
tion IX shall be used. For material thi.i. - than
0.125in., AWS D1.3shall be used. Per:. - _saal-
ification test samples for materials used Sous-
ing pressure boundary construction shz oted
with liquid penetrant or magnetic par . * hoth
root and face surfaces in accordance i . en 6,
Part | of AWS D1.1 or ASME Boiler cisure
Vessel Code, Section V. Liquid penetral.. ‘nside
containment.shall have a low chloride =~ -z con-
tent. Production welds shall be visualls - - t2d in
accordance with AWS DI.1, AWS D! ~ \SME
BPVC Section IX as applicable. Accep:~ - .riteria
for welds produced to AWS DI.1 stand.ar *» “all be

per NCIG-01. Acceptance criteria for weld roduced
per AWS D1.3 shall be in accordance wit» 't stan-
dard. Acceptance criteria for welds produced per
ASME BPVC Section IX shall be in accordan.e with
the applicable ASME design section of the ¢ ude, ex-
cept that visual acceptance criteria per NCi(G-01 may
be utilized for those components which are not
required to be fabricated to a specific ASNE design
section of the Code.

7.4 Installation of HEPA Filters and Adsorbers

Installation personnel shall be instructed in the
proper handling of the HEPA filters and carbon cell
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adsorbers prior to the installation and clamping of the
filters.

Components should not be removed from protect-
ive cartons, crates, pallets, or skids until immediately
before they are to be installed. Each item should be
checked for physical damage, corrosion, or evidence
of abuse. Replace or repair damaged items before use.
The position and alignment of foundations, anchors,
hangers, ducts, housings, dampers, fans, motors, and
other components shall be checked and their locations
shall be within tolerance as shown on the drawings.
Pleats of HEPA filters shall be vertical, gaskets of
HEPA filters and adsorbers shall be securely affixed
so that they are not displaced during installation.
Clamping devices shall be in place and completely
tightened to produce the required gasket compression.

After filters and adsorbers are unpacked and
opened to the atmosphere, extreme care is required to
ensure that degradation does not occur either from ex-
posure before loading or by system operation during
testing, construction, repair, or plant modification.
Prefilters and HEPAs are particularly vulnerable to
degradation due to construction dust. If additional
welding is required on the filter housing after HEPA
filters or adsorbent is installed, the HEPA filters and
adsorbent must be removed before starting this work.
HEPA filters are very susceptible to pinholes from
welding sparks. Carbon adsorbent is aged or poisoned
by trace concentrations of vapors such as solvents,
paint off-gassing, engine exhaust and welding fumes,
or by moisture condensation.

8 QUALITY ASSURANCE
8.1 Quality Assurance Program

The design organization, manufacturers of compo-
nents, and constructors (including subcontractors)
shall each establish and comply with a comprehensive
quality assurance program and plan which meets the
requirements of ANSI/ASME NQA-1-1986.

8.2 Summary of Required Documentation

As a minimum, the following shall be documented
and submitted to the owner:

Documentation Ref. Paragraph

Design Parameters 4.2
Maximum Operating Pressure 4.6
Test Pressure 4.6
Structural Capability Pressure 4.6

4.11

Test Cannister Qualification
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Basis and Quantity for Maximum Allowable 4.14
Leakage

HEPA Filter Qualification Report 5.1.3
Adsorber Drawings and Qualification Report 5.2.4/5.2.5
Prefilter and Postfilter Qualification Reports 5.4.1
Moisture Separator Drawings and Qualification 5.4.1/5.4.2
Report

Heater Drawings and Qualification Report 5.5.2/5.5.4
Housing Drawings 5.6.2(g)
HEPA and Adsorber Clamping Device 5.6.3
Drawings

Manifold Drawings 5.6.5.1
Factory Visual Inspection Reports 5.6.5.2
Factory Housing Leak Test Results 5.6.54
Factory Airflow Distribution Test 5.6.5.5
Results

Factory Air-Aerosol Mixing Uniformity Test

Results 5.6.5.6
Fan Drawings and Qualification Test Report 5.7.4/5.7.5
Fan Motor Drawings and Data Sheets 5.8.3
Damper Drawings and Reports 5.9.8
Test Acceptance Criteria Table 9-1

System Layout Drawings 7.1

9 ACCEPTANCE TESTING

Acceptance tests shall be made in accordance with
the procedures of ASME N510. It is recommended
that prefilters be installed before fan is first turned on
to protect filters and fans from construction debris,
and the system fan(s) should be operated for at least 24
hr before installation of HEPA filters and adsorbers
to clean up the worst of construction dirt (artificial re-
sistance may have to be added during this operation to
prevent overloading of the fan motor). Prefilters may
have to be replaced after this. For personnel protec-
tion, personnel should not enter housing until fan has
operated for a sufficient period of time to remove air
entrainable debris. After installing the HEPA filters
and adsorbers, the system heaters should be operated,
where provided, to reduce, if necessary, the relative
humidity of the air prior to making tests on the
adsorbers.

All dampers, valves, and controls shall be exercised
through their full operating range and shown to be in
good operating condition before the start of testing.
After completion of acceptance testing, the system
shall be sealed and the fan controls locked out to pro-
tect the components during the remainder of construc-
tion operations at the site,

The system designer (engineer) shall provide the ac-
ceptance criteria in Table 9-1 to the owner to incorpo-
rate in his acceptance and surveillance test procedure
and project specification in accordance with ASME
NS510 requirements.
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NUCLEAR POWER PLANT AIR-CLEANING

UNITS AND COMPONENTS

TABLE 8-1

ASME N509-1989

SUMMARY OF CRITERIA FOR ACCEPTANCE TESTING

Information and
Acceptance Criteria

Maximum allowable penetration

PSAR/FSAR Techn.cal
Specification

N510 N510 Provided by N509
Test Section System Engineer Reference
Visual Inspection 5 None required from system engineer 5.6.5.2
Housing Leak Test 6 Test pressure(s) and tolerance 4.6.4
Maximum allowable leakage at test 4.14,4.2
pressure boundary to be tested
Mounting Frame 7 Identification of frames to be tested 5.6.5.3
Leak Test
Test pressure(s) and tolerance 4.6.4
Maximum allowable leakage 4.14
Duct Leak Test 6 Boundaries to be tested, applicable test 4.14,4.2, 5 :
pressure {and tolerance), and maximum
allowable leakage
Justification for duct test exceptions 5.10.8
Airflow Capacity 8 Required minimum design airflow rate for each 4,14, 4.2
and Distribution operating mode ~m
Maximum allowable arflow rate 4.14,4.2
Design flow rate 4.2
Minimum filter housing pressure drop with 4.2 |
clean filter components and test pressure :
tolerance ;
|
Maximum filter housing pressure drop with 4.2
coincident dirty filter pressure drop and test
pressure tolerance
—
Air-Aerosol Mixing 9 Design airflow rate 4.2
Uniformity
In-Place HEPA Leak Test 10 Design airflow rate 4.2
Maximum (dirty) and minimum (clean) 4.2
fitter bank pressure drop
Maximum allowable penetration PSAR/FSAR Teo~ sl
Specificatic
In-Place Adsorber Leak Test 1 Design airflow rate 4.2
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ASME N509-1989 UNITS AND COMPONENTS

TABLE 9-1 SUMMARY OF CRITERIA FOR ACCEPTANCE TESTING (CONT'D)

Information and
Acceptance Criteria

N510 N510 Provided by N509
Test Section System Engineer Reference
Duct Damper Bypass Test 12 Test boundary to be tested 4.14
Design airflow rate 4.2
Operating pressure differential across damper 4.6
Maximum allowable penetration 4.14
System Bypass Test 13 Test boundary to be tested 4.14
Design airflow rate 4.2
Operating pressure differential 4.¢
Maximum allowable penetration 4.14
Air Heater Performance Test 14 Design airflow rate 4.2
Design capacity 4.2
Desi'gn temperature differential (leaving 4.2

temperature — entering)

Design current (amps), each circuit at design 5.5
voltage
Laboratory Testing of : 15 Design airflow rate 4.2
Adsorbent
Bed thickness 4.2,5.2
Design velocity 4.14,5.2
Minimum residence time PSAR/FSAR/Technical

Specification

Test conditions PSAR/FSAR/Technical
Specification

Maximum allowable penetration PSAR/FSAR/Technical
Specification
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NUCLEAR POWER PLANT AIR-CLEANING
UNITS AND COMPONENTS

ASME N509-1989

MANDATORY
APPENDIX A
SAMPLING OF INSTALLED ADSORBENTS FOR SURVEILLANCE TESTING

(This Appendix is an integral part of ASME N509-1989, and is placed after the main text for convenience

A1 SCOPE

Provision shall be made to periodically remove a
representative sample of adsorbent from an installed
system for Surveillance Tests.

A representative sample is defined as one that has
experienced flow within +20% of the average flow of
the system (as confirmed by testing per Section 8 of
ASME NS510-1989). The detailed means to achieve
this is left to the designer of each system, but detailed
supporting data (either theoretical or empirical) shall
be presented to substantiate that the flow is represen-
tative and the sample is, therefore, representative of
the entire adsorber bank. '

A2 DESIGN BASIS FOR SAMPLERS

For the sample to be representative, it shall have ex-
perienced the same exposure to all contaminants as the
entire bed it represents. To accomplish this, it shall
have experienced the same flow (%20%) during the
same period. This criterion can be met only when the
bed depth and pressure drop through a sampler sec-
tion are the same as through the main adsorber bank.
All flow restrictions must be taken into account when
designing a sampler. Pipe stubs, valves, unions, fit-
tings, elbows, nozzle effects, and similar items or ef-
fects add pressure drop to the flow path and tend to
make a sampler non-representative. This Standard
does not restrict any specific approach or hardware
but stresses that the flow criterion for equal bed thick-
ness must be met.

A3 GENERAL TYPES OF SAMPLES (SAMPLERS)
A3.1 Individual Samplers

A special adsorbent sample holder should be de-
signed to hold adsorbent for testing. It shall be the
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same depth as the main bed, a minim::»: *f 2 in. in
diameter and in the same orientation as :he -1ain bed.

If there is a guard bed it shall be dupi' . _ for the
sampler.

The sampler shall be filled with adscr: ‘om the
same lot and batch as the main bed.

Each sampler shall have at least the - ng data
attached:

(a) serial number

(b) adsorbent lot and batch number

(c) adsorbent manufacturer and tvx

(d) installation date

(e) system where installed
The details of sampler design shall inciu.. sdto
ensure that no bypass will occur, thai 2r(s)
will be halide leak tested along with the . . ner
Section II of ASME NS510 as part o: “ated
filter bank leak test, and that the flow ¢ be
sealed leaktight after the sampler is ren-. 23id-
eration should be given in the design o = criion

of the sampler into a laboratory test .- > for

determination of methyl iodide penet: .hout
disturbing any of the adsorbent.
A3.2 Test Tray Assemblies

A test tray assembly is an adsorber cell i iited to
provide for removal of a portion of the :u-urbent

(usually one-eighth) without disturbing the 1 2iainder
of the adsorbent. Its use is acceptable as un uiicrnative
to individual samplers described in Section \.3.1 of
this Appendix for obtaining representative ~amples.
When a test tray assembly is removed, an entire sec-
tion is emptied into a clean plastic containe: or bag,
mixed to ensure uniformity, a sample taken. and the
section refilled with such makeup adsorbent as re-
quired. This makeup carbon shall meet the same
requirements as the original adsorbent.
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The section sampled shall be marked to indicate
when a sample was taken and the section number and
position noted both in the field test report and perma-
nent plant records to ensure that this section is not
used again.

Each cover plate shall be permanently marked with
a unique identification symbol.

Each test tray assembly shall have at least the fol-
lowing data attached:

(a) serial number

(b) adsorbent lot and batch number

(c) adsorbent manufacturer and type

(d) installation date

(e) system where installed

A3.3 Sampling by Adsorber Cell Removal

As a further alternative, an entire adsorber cell or
bed may be removed to obtain a sample. It shall be
emptied into a clean plastic container or bag, the ad-
sorbent mixed to ensure uniformity, a sample taken,
the cell refilled or replaced. If the adsorber cell is re-
filled it shall be marked as having been refilled and
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shall not be used for future samples as they are not
representative of the adsorbent in the rest of the bank.

A3.4 Slotted-Tube Sampling

For Type III adsorbers, where the adsorbent bed is
refilled in-place, a sample may be taken with a slotted-
tube sampler if sufficient test cannisters are not availa-
ble. ASTM E 300 contains slotted-tube sampler details
and background. For systems where the adsorbent
bed thickness is 2 in. deep, insert the slotted-tube sam-
pler into the bed far enough to ensure that the sample
will be taken from an area where flow is experienced
by the adsorbent. For systems where the adsorbent
bed thickness is greater than 2 in., the position where
the slotted-tube sampler is inseried into the bed is im-
portant. When a single sample representative of the
entire bed is desired, the slotted-tube sampler should
beinserted at an angle to pick up carbon from both the
inlet and outlet faces of the bed. No carbon should be
taken from areas of less than full flow. When separate
samples forminlet and outlet faces are desired, sample
positions should be noted and the separate samples
should not be mixed. When separate samples are
taken, it may be required to calculate a composite effi-
ciency for the bed.



NONMANDATORY
APPENDIX B
Additional Guidance for Determination of Allowable Leakage

(This Appendix is not part of ASME N509-1989, and is included for information purposes oniy.:

B1 PURPOSE

The purpose of this Appendix B is to provide addi-
tional guidance for a system owner or designer to de-
termine allowable leakage for nuclear air treatment
systems that can be used to determine design, fabrica-
tion, installation, and test requirements.

This Appendix examines a method for determining
allowable leakage based on health physics require-
ments (such as radioactivity concentration, maximum
permissible concentration, and iodine protection fac-
tor) and provides typical example problems.

In addition, optional guidance is provided to assist

.an owner or system designer to determine additional

leakage criteria based on prescribing a system effec-
tiveness tolerance, or representative system installa-
tion quality.

B2 ALLOWABLE LEAKAGE BY HEALTH
PHYSICS CRITERIA

B2.1 General

10 CFR 20, Appendix B, Table 1 sets limits on air-
borne radioactive concentrations in areas of the nu-
clear power plant in which plant personnel may be
present.

This section also provides procedures to determine
maximum duct outleakage based on the maximum
permissible concentration (MPC) as determined by 10
CFR 20.103, paragraphs a and b.

B2.2 Procedure to Determine Allowable Leakage
by MPC Method

(a) The following describes a procedure for deter-
mining allowable leakage in cfm/ ft? of positive pres-
sure duct surfaces in either normal or transient
conditions:

(/) Determine approximate radioactivity con-
centration C, in MPCs expected inside the duct.

(2) Determine approximate radic..:ivity con-

centration C, in MPCs that can be .. __ted in the
room. For continuous occupancy /" ..st be less
than 1.

(3) Enter Fig. B-1 with C,/C, =i+ ad deter-
mine allowable unit leakage, cfm, 1~ . : surface.
The value taken from the chart wili . ... ‘i:able at
the operating pressure.

Nomenclature
L = allowable quct leakage per ::+ -2 area,
cfm/ft?

A = duct surface area, ft’
h = duct height, in.
b = duct width, in.
/d = duct length, ft
D = duct diameter, in.
{ = room length, ft
W = room width, ft
H = room height, ft
Vr = room volume, ft}

AC = room ventilation rate, air cha: . or hror
60 gv/(Hilw)
qv = room ventilation rate, cfm
C, = radioactivity concentration inn . .. uCi/cc
C, = radioactivity concentration in ..., uCi/cc
G = contamination source term, (1
T': = nuclide half life, hr
A = radioactivity decay constant. hr

MPC = maximum permissible concenira:icns
Duct to room contamination source ferm:

G=17x100C,LA (B1)

Equilibrium concentration in the room which
results from outleakage is:

G

28320 Vr (x .90 qv)
Vr

c =

(B2)



Allowable Unit Leakage, cfm/sq ft

100 ¥ y =
A =12induct, AC =1
[ B =12 X 12duct, AC = 1
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E D = 60 X 60duct, AC =1 ===t
[~ 1 AN NN l i $
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T
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- ) o
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===
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0.001 0.01 0.1 1 10

Concentration Ratio, Cr/Cd

GENERAL NOTES:

(a) Based on eq. (B-1) in para. 8.2.1({d} and a 25 sq ft room X 20 ft
high. For other duct (and room) lengths and heights, prorate chart
values by

duct length x room height
25 20

{b) Contamination assumed to mix uniformly in space.
{c) 1-131 assumed to be contaminating nuclide.

" L=Lchart

(d) Aliowable unit leakage applies to maximum operating pressure Pd as
defined in para. 4.6.3.

FIG. B-1 ALLOWABLE UNIT LEAKAGE FROM DUCT OR HOUSING TO OCCUPIED SPACE
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Egs. (B1) and (B2) conservatively assume no reduc-
tion in C, due to exfiltration of air from room at the
duct leakage rate. Room volume is:

Vr = Hiw

(B3)
For a rectangular duct, the surface area is:
A= %’(h + b) (B4)

where h and b are in inches.

Substituting Egs. (B1), (B3), and (B4) into Eq. (B2)
and transposing, the general equation for a rectangu-
lar duct is:

[ - Hiw C,) (0.693
10/d (h + b) (C,, TV,

If we assume that the duct cross section is square
(b = h) and that the room is square (w = 1), Eq. (BS)

reduces to:
L (S
20\ c,
If we further assume that the room height is 20 ft.
[ - G\ (0.693 +TC_')

C,) nd \ 1V

If the contaminating nuclide is l-l3l‘(T'/: = 193.6 hr)
and 1 = 25 ftand Id = 25 ft,

+ 7(:‘) (BS)

L = HI <0.693

- . +7f(f‘> (B6)

(B7)

L =<&> 2 (9.00358 + AC) (BS)
c,) n
For a sealed room, AC = 0
L= —— (.C_r ! (B9)
117 \Cy/ h
For a room with AC = I:
25.09 (B10)

L =&
c;) h
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For a round duct, Eq. (B4) is replaced by:

D
A= — Id Bi1l
- (3) @1
and general Eq. (B5) becomes:
L= — (-C—) Hiw (089 3¢} (B12)
157 \ Cy/ 1dD T

Where N nuclides are present in the duct, it can be
shown that:

N
r
B Hiw n =1 Crn Mo
10ldh + b) 5 N Cdn > B
n'= 10.693/T" iC
{B13)
where
MPC = maximum permissible conce:
uCi/cc
In most nuclide groupings, the term T
neglible when compared to even mint .ation
air change rates used in practice.
Hence, Eq. (B13) simplifies to:
ac b ) s
[ = hiw AC o (Crn v 314)
10/d(h + b) L (Cdn
. N
Since r  Ccrn/MPCn
n =1
is by 10 CFR 20, the equivalent conu.mi: .tion in
MPCs, it can be seen that for a ventilat: —um Eg.
(B14) and Eq. (BS5) are essentially the sarm< "L can be

concluded that Eq. (BS) is applicable to n1stinuclide
duct leakage as well. Finally, the ratio

N
Y (Crn/MPCn)
n=1

represents the fraction of maximum permissible dose
for the stated period of exposure — usually a 40 hr
week.

Determine leak test requirements from para.
5.10.8. If testing is required, determine test method
from ASME N510 and required test pressure. Adjust



allowable leak rate for test pressure in accordance
with para. 4.12.

(b} For spaces required to be maintained at a nega-
tive pressure with respect to surrounding areas, the ef-
fect of inleakage into negative pressure ducts, outside
of the space served, must be evaluated to determine
the reduction in air exchange rate and corresponding
increase in room MPC. The procedure is as follows.

(1) Determine source terms and parameters for
event (e.g., pump seal leak rate, concentration of leak-
age fluid, space volume, required MPC).

(2) Determine minimum air exchange rate (air-
flow rate/room volume) required to maintain mini-
mum MPC based on ALARA program.

(3) Determine minimum flow rate to maintain
space at design negative pressure.

(4) Determine space design flow rate (this may be
selected to ventilate space and maintain environmen-
tal conditions).

(5) Determine minimum tolerance [para. (4)
above — para. (2) above or para. (4) above — para.

(3))-

(6) Determine surface area of duct under nega-
tive pressure outside space served.

(7) Divide para. (5) above by para. (6) above at
allowable unit leak rate (cfm/ftz) at maximum operat-
ing pressure.

(8) Determine leak test requirements from para.
5.10.8. If testing is required, determine test method
from ASME N510 and required test pressure. Adjust
leak rate for test pressure in accordance with para.
4.14,

(9) This procedure may not be required if the sys-
tem is designed, tested, and adjusted such that the
minimum design flow from the space served can be
achieved and the fan sized to handle the minimum
flow plus the infiltration.

(c) Sample Problems

(1) Given: a 30in. x 12 in. X 50-ft-long duct
section at the fan discharge represented by Scheme
No. 7 of Fig. BS has a rated flow of 10,000 cfrp. The
total surface area of the duct system is 1,050 ft=. This
duct section is under 4 in. w.g. positive pressure and
passes through an occupied area 25 ft x 25 ft x 20 ft
high where the C, shall not exceed .32 MPC. The dis-
charge for this ductwork is credited with high-level
release. The air change rate in the surrounding room is
at least 1 air change.

Determine allowable leakage based on health phys-
ics requirements.

Solution: If this same duct is exhausting a contami-
nated space with an effective radioactivity concen-
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tration of 1000 MPCs, it is assumed to have a

concentration, C,, of 100 MPC after passing through

the filters. If the occupied space around the duct is to

be limited t0 0.32 MPC, C,/C, = 0.32/100 = 0.0032.
Solving Eq. (B1) of B.2.1(d)

[ < O (&)(0.693 + aC) B13)
(M1 Ah+5) N\ C/\ T
where T2 = 193.6 hr
| o 20x25%28 (0.0032) (0.693 . l)
10(50) (30 + 12) T
(B16)
L = 0.0019 cfm/ft* or 0.002 cfm/fi>  (B17)

(2) Given: a cubicle containing a normally
operating pump with a leak rate of 1 gal/hr at a con-
centration of 0.15 uCi/cc (see Fig. B-2). Determine:

{a) the required minimum room ventilation
rate to maintain /» MPC;

(b) allowable duct inleakage if exhaust fan is
rated at 1500 cfm;

(c) unit leakage if duct system consists of 50
ft of 30 in. x 12 in. ductwork outside of cubicle.

Solution: Consider a case with the following

parameters:

C; = 0.15 uCi/ce (I-131)

allowable C, = s MPC = 4 (9 x 1077 uCi/cc) = 3
x 107° uCi/cc

PF = .0075 [reference NUREG-0017 (para. 2.2.5.2),
Calculation of Releases of Radioactive Materials in
Gaseous and Liquid Effluents from PWRs, April
1976]

oL=8l_ 18l B o3gs S 63
hr hr 60 min gal min
(B18)
To meet C, under the above conditions,
Q= QL x Cr x PF/C, (B19)

= 635 x 01551 ¢ 0075/3 x 107 pCivec
min CcC
(B20)
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Cr = concentration in room / Q >
Q4 = exhaust flow rate Fan flow U3
Q= equipment leakage rate \_I
Cs = fluid concentration
Pg = partition factor [Note (1)}
Inleakage flow
rate L‘
Fan flow Q4
NOTE.
(1) Partition factor
is the fraction of
radioactivity in the
process fluid that will
become airborks when that
process fluid leaks into
the ambient air
FIG. B-2 SYSTEM PARAMETERS
. f‘J = ELYE
= 2363 x 100 =5 x ——— = 834 ¢fm =07 (B23)
min  30.48 cm ft
(B21)
If the fan is sized to handle 1500 cfm for this system, B.2.3 Allowable Le?kage by lodinz ~iection
then the allowable clean air inleakage is: Factor Reduction
(a) General. The lodine Protection { . ..., [PF, is
1500 —~ 834 = 666 cfm (B22) used to quantify the protection offered v ~iant per-

However, it is also a design criterion to maintain a
linear air velocity of 50 ft/min while the 25 ft* door is
open. (This criterion is set forth to maintain control of
airborne radioactivity even though the door is open.)
In order to meet this criterion, a flow rate of Q, of 50
ft/min. x 25 ft* = 1250 cfm is required. The allowa-
ble clean air leakage is then 1500 — 1250 = 250 ¢fm.

The unit duct leakage is therefore equal to:

250 cfm - 250 ¢fm
(duct length)(duct perimeter)  (50) 2(30) + 2(12)
12
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sonnel by nuclear air treatment systems 15 rotected
areas of the nuclear facilities design to remain habit-
able during the following design basis accidents.

The location of the air cooling, ventilation and nu-
clear air treatment system components, whether inside
or outside of the habitability envelope, will affect the
value of the IPF. When portions of these systems are
located outside the habitability envelope, the effect of
duct inleakage or outleakage is a reduction of the IPF
value.

(b) Determination of IPF

(1) All System Components Inside Habitability
Envelope. The location of all components of the



habitability area air cooling, ventilation and nuclear

air treatment systems within the habitability envelope

is considered here as the ideal case, from a leakage

standpoint, and the basis of evaluating duct leakage.
The IPF is defined as follows:

_ dose” without protection
dose with protection (B24)

IPF

due to radioactive iodine

The value of the IPF for the configuration shown by
Fig. B-3 is determined by the following:

__F|+7]F2+F3

IPF
F(-n+ A (B25)
pp = Fs t 1Rt s
Fi(l-n+ K (B26)
where
F'y = F +(L; - L,) (cfm) (B27)

F'e=Fd+ (L, - L) - Fy(cfm  (B28)

FI = F5 + (Lal - Lfl) + (L()z - Lu) - F_‘l (¢fm)

(B29)
F, = makeup airflow rate, cfm
F, = recirculation airflow rate, cfm
F, = door leakage, cfm
F, = control room boundary exfiltration, (cfm)
L, = duct and housing inleakage with subsequent
infiltration, ¢fm
L, =outleakage from positive pressure NATS
ducts and housings, cfm
L, =duct and housing inleakage without filtra-

tion, cfm »
L,, =duct and housing outleakage from positive
pressure air conditioning system, cfm

NOTE: (L,, - L,) + (L,, — L,) represents the additional
makeup air required in order to maintain Control Room Pressuriza-
tion due to nuclear air treatment system and air conditioning ducts
and housings leakage.

(c) Procedure to Determine Allowable Leakage by
IPF Value Reduction. The following procedure quan-
tifies the reduction of the effectiveness of the habit-
ability area nuclear air treatment system due to duct
leakage, in terms of IPF value reduction. By limiting

the percent reduction to IPF value, with respect to
duct leakage, the effectiveness of the nuclear air treat-
ment system in limiting personnel dose is maintained.

(1) The determination of the nuclear air treat-
ment system flow rate usually involves an iterative
process because it is based on:

(a) the amount of airflow required to maintain
a positive pressure differential (approximately 0.125
in. H,0) across the control boundary, including leak-
age through the duct system; and

(b) the amount of filtered recirculation air re-
quired to achieve the required iodine protection factor -
(IPF).

(2) The air required to pressurize the control
room is first calculated and an assumed quantity for
duct leakage added to it. After duct and housing leak-
age calculations have been performed for the system
configuration and layout, the original assumption is
revised accordingly. The makeup airflow rate should
be equal to the control room exfiltration air plus duct
outleakage minus the duct inleakage and control room
infiltration (if any).

{3) The filtered recirculation air quantity is de-
termined by calculating the ratio of recirculated air to
outside air required to meet a conservative IPF. The
conservative IPF is determined by calculating the min-
imum acceptable IPF required to meet General Design
Criterion 19 limits and multiplying this by a safety fac-
tor which will allow for a decrease in IPF due to duct
leakage. The recirculation air quantity is then re-
checked and revised as necessary when evaluating
the iodine protection factor reduction due to duct
leakage.

(4) After the outside air and. recirculated air
quantities are initially determined and the equipment
located, the ductwork can be sized and routed. The
pressure in the duct relative to the surrounding area
must also be determined for the purpose of duct leak-
age calculations.

(S) Next, calculate duct surface areas outside of
habitable zone, classify as positive pressure, filtered
recirculation, unfiltered recirculation.

(6) Based on a parametric analysis, using the
Egs. (B2S5) through (B29), determine the maximum
allowable leak rates for Ly, L,;, L,,, L, such that the
IPF is achieved.

(7) Determine unit leak rate by dividing allowa-
ble leak rates in para. (c)(6) above by surface areas in
para. (c)(4) above. This is the unit leak rate at operat-
ing pressure.

(8) Determine leak test method to be used from
ASME N510 and determine test pressure.

(9) Adjust allowable leak rate for test pressure in
accordance with para. 4.14.
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(d) Sample Problems
(1) Given: A control room complex is provided
with a safety-related nuclear treatment system and a
cooling system. Figure B-4 shows the configuration of
the system. During accident conditions, the nuclear
air treatment system is required to provide a minimum
IPF value of 200.

The air-cleaning unit and the air cooling unit are
located outside of the protected area (i.e., the habit-
ability envelope) in a contaminated interspace. System
parameters are given in Table B-1 and Table B-2.

Determine: Allowable leakage for Ly, L,,, L, L,
to meet or exceed the minimum IPF.

Ductwork and Housing Leakage Classifications:
From Fig. B-7, Scheme No. 19, the leakage classes for
the recirculation air-cleaning unit are determined as
Class II. Note, since the makeup air is not filtered
prior to entering the return duct, the return duct is
assigned leakage Class 1.

The leakage classes of the air-conditioning unit are
Leak Class I for the negative pressure return air duct,
because any inleakage would be unfiltered, and Leak
Class 11 for the positive pressure supply duct (assum-
ing control room boundary pressure requirements can
be maintained).

Solution: For this example, a nuclear air treatment
system of 3000 cfm flow capacity has been selecied
based on 1200 cfm required for pressurization and a
ratio of recirculation airflow to outside air flow of 1.5.
This ratio has been selected in order to obtain an initial
conservative IPF of 248. For this hypothetical case, a
minimum acceptable I1PF of 200 will be assumed. In
addition to the nuclear air treatment system, the con-
trol room also requires a recirculating type air-
conditioning system with an assumed capacity of
25,000 cfm (approximately 100 tons of cooling capac-
ity). The exfiltration has been determined to be 1000
cfm maximum at 0.125 in. w.g. (Refer to Fig. B-3.)

The maximum allowable duct leakage that will sat-
isfy the health physics requirements is determined for
this example by evaluating the reduction in the iodine
protection factor (IPF). The iodine protection factor
is used to express the reduction in radioiodine concen-
tration within the control room as a result of filtration
and recirculation.

For this example, the IPF is determined assuming
an unfiltered inleakage (through the control room
boundary) of zero since all doors have airlock vesti-
bules and a filter efficiency of 99%. Using Eq. (B12)
gives:

_ 1200 + (0.99) (1800) + 0

IPF = 248.5
(1-0.99) 1200 + O

(B30)
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For this particular example, a minimum IPF of 200 is
required in order to meet the dose requirements of
General Design Criterion 19,

In this case, as long as there is no duct leakage, the
minimum required IPF is exceeded. However, the IPF
is reduced when the duct inleakage and outleakage are
accounted for. This must, therefore, be evaluated to
determine if the reduced IPF is still acceptable.

The surface area for the air cleaning duct and hous-
ing under a negative pressure which would experience
infiltration with subsequent filtration Lis:

Nodes Surface Area
1-2 131
2-3 84
7-2 236
451 fi?

The surface area of the nuclear air treatment system
under a positive pressure is:

Nodes Surface Area
3-4 28
4-5 842
5-6 283
1153 fi

For the air-conditioning systems, the corresponding
negative pressure area is:

Nodes Surface Area
14-8 750
8-9 375

1125 i

and under a positive pressure:

Nodes Surface Area
9-10 376
10-11 400
10-12 400
10-13 250
1426 £

For the nuclear air treatment system we will assume,
based on prior test experience and the type of duct
construction used, that the air-cleaning unit leak rate,
in the operating pressure range specified, will be 0.025
cfm/ft?. This results in:

451 ft? x 0.025 cfm/ft> = 11.3 cfm (B31)

Ly

1153 f® x 0.025 cfm/ft> = 28.8 cfm (B32)

h
S
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TABLE B-1 CONTROL ROOM NUCLEAR AIR TREATMENT SYSTEM
PARAMETERS FOR LEAKAGE ANALYSIS

Duct Duct Duct
Nodes Duct Length, Surface Pressure, Leakage
From-To Size ft Area, ft? in. w.g. Class
1-2 10 in. 50 131 -1.0 !
2-3 16 in. 20 84 -2.0 N
3-4 22in. X 12in. 5 28 +10.0 |
4-5 3ft0in. x 7ft0in. 40 842 +10.0 |
[Note (1)]
5-6 22in. x 12in. 50 283 2.0 i
7-2 12in. .75 236 1.0 !

NOTE:
(1) Housing dimensions.

TABLE B-2 CONTROL ROOM AIR CONDITIONING SYSTEM PARAMETERS
FOR LEAKAGE ANALYSIS

Duct Duct
Nodes Duct Length, Duct Pressure, Leakage
From-To Size ft Area, ft° in. w.g. Class
14-8 60in. x 30in. 50 750 ~-2.0 i
8-9 60in. x 30 in. 25 375 -3.0 I
9-10 6ft.0in. x 8ft.Oin. H 10 376 +56.0 i
[Note (1))
10-11 40in. x 20in. 40 400 +4.0 i
10-12 40in. x 20in. 40 400 +4.0 I
10-13 26in. x 12in. 40 250 +4.0 1]

NOTE:
(1) Housing dimensions.
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Nuclear air treatment system net leakage = (L,, —
L;) = +17.5 exfiltration.

For air-conditioning systems, assume the leak rate
to be 0.07 cfm/ft%:

= 1125 ft* x 0.07 cfm/fi® = 78.8 cfm (B33)

Loy = 1426 ft* x 0.07 cfm/ft® = 99.8 cfm (B34)

Net air-conditioning system leakage = (L,, — L,) =
+21 cfm exfiltration. Furthermore, with airlock ves-

tibules F, = 0.
Inserting into Egs. (B27) and (B28) gives:

F'y=F + (L~ Ly (B35)
F'y = 1200 + (11.3 = 28.8) = 1182.5 (B36)
F's = Fs + (L, - L,) - F (B37)
F's = 1000 + (99.8 — 78.8) — 0 = 1021 (B38)
Using Eq. (B26):

1021 + (0.99)(1800) + O
IPF =
(1182.5)(1-0.99) + 0 (B39)

=237

Since IPF is greater than the required IPF with mar-
gin, the duct leakage is acceptable.

Based on this analysis, the actual leakage from each
duct segment and housing should be calculated based
on actual operating pressure to determine actual al-
lowable leakage. This value should then be corrected
for test pressures to establish acceptance criteria for
duct/housing leak testing.

Subsequently, if actual test results indicated that the
inleakage was:

L; = 50 cfm
Ly = 30cfm
L, = 200 cfm
Ly, = 50 cfm

the IPF would be determined:

F'y = 1200 + (50-30) = 1220 (B40)
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F's = 1000 + (50-200) = 850 (B41)

(pE = 850 + 0.99 (1800) _
(1220) (.01) o (B42)

which is still above the minimum IPF and still pro-

vides a margin.

B3 ADDITIONAL LEAKAGE CRITERIA

Additional leakage criteria may be de\ cloned by the

owner or system designer to meet piuiic specific
ALARA criteria at the owner’s option. .dditional
criteria may take the form of specifving -_lear air
treatment system effectiveness or sy« juality
parameters. Itis recommended ghat the ...« =~ :r these
additional criteria be documénted to ... - :uture
evaluation of test data. Examples of - - . which
could be established are as follows.

B3.1 Nuclear Air Treatment System

Effectiveness

One approach to establishing values - 1ble
leakage rates based on nuclear air tre::: stem
effectiveness is to provide arbitrary val:. cent
of nuclear air treatment system flow . 'd on
leakage classification (refer to para. B.--

The values that have been histori. o - are
shown in Table B-3. However, these ra: . “ul be
representative of actual system design . ince
system design flow rates may be estab!'._.. _ue to
non-air-cleaning requirements. For these i-es, the
procedure for establishing air-cleaning 1+ akage
rates should follow the format usce - cara.
B.2.1(a)(2). Determine minimum requir i s, e€s-
tablish flow rate tolerance and proportion ..:- ., duct

surface area.

B3.2 System Quality

There may be a desire to establish benchmark leak-
age rates for various leakage classes and/or rypes of
construction in order to determine quality Jduring the
installation process.

The owner or system designer should establish the
leak rate associated with the type of construction by
previous test experience, calculation, or by a shop or
field test at the beginning of the installation.

The owner or his designee shall randomly select sec-
tions of ducts or individual housings to leak test in
situ. Selection of duct sections may be chosen based



TABLE B-3 MAXIMUM ALLOWABLE LEAKAGE' FOR AIR CLEANING
EFFECTIVENESS (PERCENT OF RATED FLOW)

ESF Non-ESF
Leakage
Class Duct Total Duct Total
[Note (2}] {Note {3})] Housing [Note (4)] [Note (3}] Housing [Note (4)]
1 0.10 0.10 0.50 0.10 0.6
[ 1.00 0.20 1.2 5.00 1.00 6.0
NOTES:

(1) Leak rate at operating pressure

(2) Refer to Section B4 for configuration that determines ieakage class.

surface area by

Leakage is apportioned to

L = a5 PxQ
A 100
where

Lg = allowable leakage in duct section, scfm

P = allowable percent leakage

Q = system rated flow, cfm

a = surface area of the duct section, ft? 2
A = surface area of the total system ductwork per leakage class, ft
L_s the allowable unit leakage by this criteria, ctmift?

a

(3)
shall be leakage Class 1.

(4)

All ducts under positive pressure which discharge into the plant stack for high level release credit

Assumes housing surface area is 20% of duct surface area. Duct and housing leakages shall be
adjusted for actual housing and duct surface area ratios, but the total percent leakage shall not

exceed the sum of the listed percent leakages for duct and housing.

on ANSI/ASQC Z1.4 or other equivalent standard;
however, this is not mandatory.

B4 NUCLEAR AIR TREATMENT SYSTEM CON-
FIGURATIONS AND LEAKAGE CLASSES

A nuclear air treatment system can be defined
schematically in terms of three spaces and two
components,

The three spaces (refer to para. 3 definitions) may
be either exterior or interior and are:

(a) the contaminated space

(b) the protected space

{c) the interspace

(1) contaminated
(2) clean
The two components are:

(d) fan

fe) air-cleaning unit
All three of the above spaces represent possible loca-
tions for the different parts of the nuclear air treat-
ment system. The contaminated and protected spaces
also include the points of system origin and termina-
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tion, respectively. The interspace refers to all other
spaces — contaminated or clean — where the nuclear
air treatment system or its parts may be located.

Examples of contaminated space/interspace/
protected space arrangements are:

Contaminated Protected
Space Interspace Space
Containment Plant spaces Offsite
Plant site Equipment room  Control room
Secondary containment Equipment room  Offsite

For recirculating systems, the contaminated space
and protected space merge into one ‘‘contaminated
and protected space.’’

Leakage Classes I and II have been assigned to the
various sections of each nuclear air treatment system
to represent the qualitative effect of leakage on the nu-
clear air treatment system function. Thus, Leakage
Class Il classification indicates that due to system con-
figurations and location a higher leak rate may be
allowable. Conversely, a Leak Class I classification
indicates a more stringent leak rate is required.

Leakage Classes are noted on Figs. B-5, B-6, and
B-7.
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interspace
Contaminated S Clean/Contaminated Protected Space
h pace a [+]
scN:me nd ' —— Se— -
. "[Note (1)) 1 [Note (1)] " un [Note (2] ,,
2 1 I u yil [Note (2} | NR
NR 'D—( F
. {Note (2)}
3 i — | O’ it ;
11 I T [Note (2}
4 P — 11 ~—~
%
h;”ﬁ i . ulum [Note (3] /1 [Note (2, NR
w {Note (4)]
6 0| I/ 7] v [Note (2 “nR
NR G)-E i
7 1 i1 (Note (4] w1 1 [Note 'Z :
!
(Note (4] [Note '2.
8 i Il — nr | u 'j ~
. e l (;H::[N—i
[No: .
10 0 " [Note (4)] 1 I )
U~
[Note ' 2
11 11 — 1l i1 1 —— 2
NR [ i
[Note {4}] [Note T ~
;‘ i‘ 11 e I =
NOTES:
{1) Symbols — ] Air Cleaning Unit O Fan

NR — Not Recommended
{2) Ail ducts under positive pressure which discharge into the plant stack for high level release credit shall be leakage C .is: |

(3) Space classification is based on the relative concentration of the space with respect to the duct (e.g., Contaminatec .

means concentration within space is greater than duct or housing at that point}. Thus, as duct concentration changes .- o

filtration, the space classification will change in a given area.
(4) Noted duct section which pass through a Clean Interspace and which are under a negative pressure for all modes of cgeration
may be ieakage Class 11.

FIG. B-5 SINGLE PASS AIR CLEANING SYSTEM CONFIGURATIONS
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Scheme Clean Space Contaminated Interspace [Note (1)]
No.
13 I — I H
?
14 1l — 1
v )
.5 " u j1{Note (2)]
g S
1!
16 1 —_— i
___J
NR
1 —— 1
. ’ " “[Note (2)]
NR
i — I}
g S
18 1l i 1
s SR |
NR [Note (2)}
11 I —
19 i I “[Note (2)]
—t
NR (Note (2]
11 1 —
]
2 . PR I ll[Note (2)] “[Note (2))
o —
NR
I
21 " | — I
J S )
NR
H L_\\J T
NOTES.

(1) Contamination level of Fluid within ductwark < contamination level of interspace.
{2) Leak Class I shall be used if ductwork is under negative pressure with respect to interspace during normal or transient

system operation.

FIG. B-6 RECIRCULATING AIR CLEANING SYSTEM CONFIGURATIONS — |
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Sch Contaminated and Protected Space L Clean Interspace [Note (1)]
No. | >
22 I —— i
—{___} O.—-
23 % u
[Note (2)]
24 Il ~— 1 ] ;) I
-
1 | !
[Note (2)]
25 [H —_— i 1}
e S
i ﬂ i 3
26 It U,_} 1t 1
NR
i P — I
" e—
27 I I —_— 1 [Note i<
: —
28 1 I Jp— 1
NR
" ! —1_
g, T
29 1 4<::;} 1! I ~— 1
NR ;
i
30 1 ! | e T
T Sse——
i C— i 11 [Note (2)]

NOTES.

(1) Contamination level of Fluid within ductwork > > contamination level of interspace.
(2) Leakage Class I shall be used if ductwork is under positive pressure with respect to interspace during normal or transient

system operation.

FIG. B-7 RECIRCULATING AIR CLEANING SYSTEM CONFIGURATIONS — Ii
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NONMANDATORY
APPENDIX C
Manifold Design Guidelines

(This Appendix is not pari of ASME N509-1989, and is included for information purposes only.

C1 GENERAL

C1.1  Test manifolds discussed in this Appendix are
those required for test agent injection and sampling to
perform in-place aerosol tests per ASME N510-1989.

C2 MANIFOLD REQUIREMENTS FOR IN-PLACE
TESTS

C2.1 Housing and frame leak tests usually do not
require specific provision for testing; only simple
threaded penetrations are needed.

C2.2 Determination of airflow rate and velocity dis-
tribution may require access ports for traverse mea-
surements of airflow velocity on systems too small or
too contaminated for entry of a person to take the nec-
essary data. Specifically, there must be provision to
measure the airflow rate which is best measured in a
straight duct run on the basis of standard pitot tube
traverse. If these conditions do not exist where the ve-
locity is greater than 600 fpm, then the measurements
should be taken downstream of a HEPA filter bank.
This is the same location the airflow distribution test
data is usually taken.

The ports shall provide sufficient access to allow at
least 10 measurements to be taken evenly over the face
of the HEPA filter bank. Systems with more than 10
filters will be large enough 1o allow entry unless unu-
sual contamination restricts entry.

C2.3 Challenge/air mixing uniformity testing re-
quires access similar to that required for airflow distri-
bution. The difference is that the measurements must
be taken upstream of the HEPA or adsorbent bank.
Large systems usually allow entry for personnel to lo-
cate the sample lines by hand, but small or unusually
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P

AY
contaminated systems must be tested using 2 remotely

controlled traverse.

C2.4 The most common situation tha: :cuuires ini-

tial preparation for manifold design is ::.x testing
component banks in series. There are === -~ »ossible
configurations that create this situation ;. the most

common is the series placement of com: :2ntsin a

filter housing. HEPA-Carbon is the m . . .>mmon
arrangement but, HEPA-HEPA, Curr “irbon,
HEPA-Carbon-Carbon arrangements .. dy re-
quire the use of manifolds. Refer to Fi-

C2.5 Manifolds may be necessary in = - 2 vith-
out components in series. An example = injec-
tion manifold is required to obtain unit- - Cuagent
distribution is a recirculation sy« - ithno
inlet duct before the filter bank.

C2.6 Manifolds are required whenever i ::tion of
a test agent at a single point does not resu: -~ = the re-
quired distribution of the agent over the 111 face of

the filter bank required for the performan.. . a leak
test or where sampling is required from ;3 unmixed
stream.

C3 ADDITIONAL REASONS FOR USE OF PERMA-
NENTLY INSTALLED MANIFOLDS

C3.1 Permanently installed manifolds, which have
passed ASME NS510 acceptance testing, provide a
quick and simple means to repeat leak tests.

C3.2 Alternate methods of testing when a single
point sample cannot be used, including temporary
manifolds, are more time consuming than using a per-
manently instatled manifold system.



C3.3 Other methods require entering the air-
cleaning unit to install a temporary manifold, take
multiple samples, place a shroud, remove a compo-
nent, etc. This not only takes time, but can be a
personnel exposure and contamination control prob-
lem with a contarninated system.

C3.4 A permanently installed manifold system al-
lows a bank leak test of the air-cleaning unit without
turning the air-cleaning unit off or breaching the pres-
sure boundary that could affect system operation.

C3.5 Properly designed temporary manifolds can
be installed in a few minutes except for very large sys-
tems (where the time frame for any alternate proce-
dure is equally extended). Once installed, and the
access door closed, the time constraints for ALARA
or system nonavailability is usually reduced.

C3.6 Properly designed and tested permanently or
temporarily installed manifolds provide a more tech-
nically defensible test result than alternate methods.

C3.7 Manifolds, in general, require less training
and technical depth for use than alternate methods.

C4 INJECTION MANIFOLDS

C4.1 Aninjection manifold is a device which is used
to produce a uniform distribution of the injected test
agent over the cross section of a housing to permit
proper leak testing of a filter bank. The test agent
must be uniform, within + 20% of the average, across
the face of the bank including frame-to-housing inter-
face and confirmed by the air-aerosol mixing uni-
formity Test per Section 9 of ASME NS510.

C4.2 The complexity in design and execution of an
injection manifold varies greatly depending on the air-
cleaning unit configuration. An injection manifold
downstream of a Type 111 adsorber is relatively simple
because the sample manifold will follow the adsorber
slots and take advantage of the high veiocity flow exit-
ing the slots. Refer to Fig. C-2, Sheets 1-2.

On the other extreme, a HEPA-HEPA configura-
tion may be very difficuit because the air filter bank is
at low velocity and usually laminar exiting the first
HEPA. The distance between component banks
affects the design significantly.
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C4.3 DOP injection manifolds require larger
diameter and additional design consideration than for
R-11 manifolds. R-11 is a normally gas at ambient
conditions so condensation and plateout is usually not
a problem. As DOP aerosol is subject to plateout,
condensation and agglomeration; the following rec-
ommendations are more critical. The design of DOP
manifolds is based on experience.

C4.4 General Rules Appliable to All Injection
Manifolds

C4.4.1 The total area of the exit holes is typically
1.25 times the cross section of tha pipe which the holes
are located.

C4.4.2 Headers should have a cross section 1.25
times the sum of the cross sections of all the branches.
[Four branches each | in. (0.8 inz) results in a header
of (1.25)4)(0.8 in®) = 3.9 in? or 2% in. diameter
header.]

C4.4.3 Para. C5.4 is subject to allowances for stan-
dard drill and pipe dimensions. When compromise
must be made it is better to err on the high side of
hole or branch area.

C4.4.4 Valves should be used only to isolate
branches. If possible it is better to avoid them because
valve settings may change and require reverification
of manifold design or adjustment.

C4.4.5 The low point of each branch should have a
screw cap to allow the leg to be drained if necessary.

C4.4.6 Sharp radius changes of direction should be
avoided. Compound bends are preferable to multiple
elbows. When elbows are used, they should be kept to
the minimum. Two 45 deg. elbows in series are
better than one 90 deg. elbow.

C4.4.7 The ID of the manifold should be smooth
and free from sharp edges, burrs, crevices.

C4.4.8 Existing high-velocity areas and/or turbu-
lences (if any) within the air-cleaning unit should be
used to enhance mixing and therefore simplify the
manifold design.

C4.4.9 The inlet to the injection manifold should
be at a location accessible for connecting the
generator.

C4.4.10 The location of permanent manifolds
should be checked for possible interference with com-
ponent changeout and other maintenance access
requirements.
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C4.4.11 Manifold outlet holes should be oriented
to take advantage of the flow path for mixing. Config-
urations that would subject the manifold holes to
direct velocity pressure from the air flow should be
avoided in all but the most exceptional circumstances.
Holes should be on a staggered pattern, 90 deg. to
each other, 45 deg. on the centerline. Refer to Figs.
C-2 and C-3.

C4.5 The design of aerosol injection manifolds is
dependent on the bank and housing configuration.

C4.5.1 All injection manifold designs need to be
tested to assure meeting the Air/Aerosol Mixing Uni-
formity requirements of Section 9 of ASME N510.

C4.5.1.1 If adjustments are required in a manifold
to pass the uniformity test, they should be permanent.
This will eliminate a need to repeat the uniformity test
each time a leak test is performed.

C4.5.1.2 Examples of permanent adjustments
would be:

(a) drilling out holes to a larger diameter,

(b) closing (full or partial) holes with solder or weld
metal, :

(c) addition of holes,

(@) addition of orifice plates,

(e) addition of permanent baffles to manifold,

(f) basic change of design.

C5 SAMPLING MANIFOLDS

C5.1 Ingeneral, all the design points mentioned for
injecting manifolds apply to sampling manifolds. The
main difference is the low reduced concentration of
the challenge agent, on the order of a fraction 1,000 to
100,000 less. This greatly reduces the problem of aero-
sol agglomeration and plateout. Further, the chal-
lenge agent is usually in thermal equilibrium with the
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airstream and manifold so condensation should not be
a problem.

Cb5.2 A major point to stress is that the aerosol size
used for ASME N510 testing contains particle size less
than 5 microns; therefore, isokinetic sampling is not
required. For gases, such as halide, isokinetic sam-

pling is not required. P

C5.3 Alarger number of branches is requirad to en-
sure detecting a leak point; the diameters <1< based on
airflow consideratioss.

C6.4 Even with small diameter sampliny = wnifolds,
the sampled volume is usually significant .- ;i as the
time needed to reach the detector elem .1 “ample

pumps in most detectors are sized for starnc a2 in.

nylon lines; therefore, an auxiliary pum~ - wer is
usually required to avoid delays inthe sam: : romthe
furthest point reaching the detector. Thi. " is cal-
culated from the internal volume and !+ ;i the
manifold and the capacity of the pumr ‘lelay
must be factored into the penetration cai. s for
adsorber beds.

C5.5 Asmost detectors are designed i sator
near ambient pressures, care is required ng
the detector to an auxiliary blower syst=:. i not
be ‘‘hard piped’’ to a closed system or - .- > the
positive output pressure of the blower. . hole
in the main sample line or a “‘tee’’ befor= ;. eris
preferred. The-setup must not allow dil:: S Toen-
ter the detrector sample line (dilution ->: inple
past the takeoff point is not relevant). i: 1ot al-
low velocity pressure from the auxilis: T 1o

change the pressure in the detector sam;:. ~  _:on-
nection must be firm enough that no chaio-  .J accur
during the test.
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NUCLEAR POWER PLANT Alﬂ-CLEAMNG
UNITS AND COMPONENTS

ASME N509-1989

MANDATORY
APPENDIX D
Performance Test for Qualification of Sampling Manifolds

Y

tThis Appendix is an integral part of ASME N509-1989, and is placed after the main text for convenience

D1 PURPOSE

The purpose of this test is to provide objective data
that installed sampling manifolds provide a represent-
ative sample for subsequent component bank leak
tests performed in the field per ASME N510-1989.

D2 LIMITS

This is a factory test for sampling manifolds. IT
CANNOT BE PERFORMED IN THE FIELD.

D3 TEST REQUIREMENTS

D3.1 Thehousing, component banks, and sampling
manifolds shall be complete and in their final ready-
for-use configuration. Any later modifications shall
invalidate this test.

D3.2 DOP aerosol shall be used to qualify all
sampling manifolds including, halide sampling
manifolds.

D3.3 DOP aerosol test equipment shall conform to
the requirements of ASME N510 for DOP aerosol
leak testing of HEPA filter banks.

D3.4 The test shall be conducted at the housing de-
sign flow rate + 10%. If more than one flow rate is re-
quired for operation, a manifold performance test
shall be performed at each flow rate. If the design has
a variable flow rate, then the minimum and maximum
(£ 10%) shall both be used to perform the tests. Air-
flow distribution testing per para. 5.6.5.5 shall be per-
formed as a prerequisite to manifold qualification
tests.
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D3.5 A temporary duct and fan shaj] ~c ~rovided
downstream of the housing. The duct <hajt ~o long

enough and have provisions sufficient 1y : rantee
mixing so that a representative single pOﬂ;, ample
may be taken. Baffles, vanes, or other mez.:: . @ pro-
viding good mixing are acceptable in the di;.: ~som-
bly. These shall be clearly shown on the 1 and

documented sufficiently for independent re - =y . The

basis for 100% mixing shall be documen:.. ‘Vhen
downstream of sampling a fan, mixin: .. he
assumed acceptable.

In other configurations, the number nole
points shall be in accordance with Chapter - aus-
trial Ventilation. If necessary the number .. - .ing
points, mixing, or duct length shall be in. - 250
each sampled concentration is + 5% of the Led
average.

D3.6 Thetemporaryduct and fan assenir: i e
leak tight so no dilution air can enter or [ Srest
boundary. This shall be confirmed by a do. e ved
leak test in accordance with ASME NS510.

D3.7 A visual inspection using applicab!. - :rions
of ASME N510 Visual Inspection checklist 1:il be -

performed after the test setup is completed, bu: hetore
the test is performed. Nonconformances shail e re-
solved before the test is performed.

D3.8 Test engineers and technicians shall be quali-
fied in accordance with ANSI/ASME NQA-{. A
Level II Test Engineer shall prepare the test procedure
and review the test results for acceptance.

D4 TEST METHOD

D4.1 The basis of the test is to compare the single-
point aerosol concentration taken in the temporary



ASME N509-1989

test duct with that obtained from the sampling mani-
fold under test.

D4.2 Test data shall be taken with all filter elements
and adsorbent installed, and:

(@) without any aritificial leak paths;

(b) with one or more aritificial leak paths, as
follows:

(1) the artificial leak paths shall be located, one
at a time, to simulate leaks in the filter/adsorbent
face, the frame-to-wall welds (including floor and ceil-
ing), and gasket-to-frame seals (where applicable),
and at structural welds on Type III adsorbers;

(2) the number and exact placement of the artifi-
cial leak paths depends on the size and configuration
of the bank and housing, but shall be no less than 10
with at least four at frame-to-wall floor ceiling loca-
tions. Tests with multiple leak paths are permissible
after the required 10 tests with single leak paths are
performed.

D4.3 Concentration shall be measured in the tem-
porary duct and then using the sampling manifold.
For each test condition the single-point sample con-
centration shall be the average of the traverse readings
in the temporary duct.

D4.4 Ifthe sample manifold concentration does not
correspond to the single point sample within +5%,
the sample manifold shall be modified to produce a
sample within = 5% for all test conditions. "

D4.4.1 One method to determine where the non-
uniformity in concentration exists is to scan in front of
the manifold while the challenge aerosol is flowing.
This will provide data to assist the redesign/
modification of the manifold.

D4.5 Upon successful completion of the test, any
excess DOP shall be removed from the housing, mani-
fold, and associated hardware to avoid false readings
in the future.

D5 ACCEPTANCE CRITERIA
D5.1 Single-Point Sample

The traverse concentration measurements taken at
the single-point sample location shall be within + 5%
of the calculated average concentration.

68

- D6.1

NUCLEAR POWER PLANT AIR-CLEANING
> UNITS AND COMPONENTS

D5.2 Sample Manifold

The sample manifold concentration shall be within
+ 5% of the single-point sample concentration for all
aritificial leak paths.

D6 DOCUMENTATION

A sketch of the factory test setup shall be pro-
vided. It shall provide sufficient dimensions and detail
to allow analysis by the owner prior to start ot testing.

D6.2 The details of the test instruments for uirtflow
and DOP generation and detection shall be pro-ided.
They shall include, as a minimum, the manu i turer,
model, serial number, and calibration date.

D6.3 Test procedure shall be submitic. 1o the
Owner for review prior to the start of ter v All
quantitative data shall be presented in a ma. .- »at

will allow independent analysis of the test.

D6.4 The location, date, and test =
technicians shall be listed with signatures.

D6.5 An ANSI/ASME NQA-I, Level 11 ..
neer shall sign the test report to be submiro- “he
owner for review prior to shipping the air- aing
units.

D7 ACCEPTANCE OF RESULTS

D7.1 Theowner shall review the detailed test proce-
dure, including drawings of the temporary Jdu.t and
hardware, before the test is performed and shall pro-
vide comments to the testing organizations.

D7.2 The owner shall review the results of the test
before the housings are shipped. It is recommended
that such approval be before the test assembly is dis-
mantled. The owner shall advise the manufacturer, in
writing, of acceptance of sampling manifold qualifi-
cation test results prior to the unit’s being shipped.

3



ASME N509 Interpretations — No. 1

Replies to Technical Inquiries
June 1989 — November 1990

FOREWORD

This publication includes all of the written replies issued between the indicated dates by the
Secretary, speaking for the ASME CONAGT Committee, Committee on Nuclear Air and Gas
Treatment, to inquiries concerning interpretations of technical aspects of ASME N509, Nuclear
Power Plant Air Cleaning Units and Components.

These replies are taken verbatim from the original letters except for a few typographlcal correc-
tions and some minor editorial corrections made for the purpose of improved clarity. In a few
instances, a review of the interpretations revealed a need for corrections of a technical nature: i~
these cases a corrected interpretation immediately follows the original reply.

These interpretations were prepared in accordance with the accredited ASME procedures. ASME
procedures provide for reconsideration of these interpretations when or if additional information =
available which the inquirer believes might affect the interpretation. Further, persons aggrieved -
this interpretation may appeal to the cognizant ASME committee or subcommittee. ASME doc.
not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activit:

HAARMI

AB589A

A8589A



Date of Issuance: December 20, 1990

ASME is the registered trademark of The American Society of Mechanical Engineers.

This code or standard was developed under procedures accredited as meeting the criteria for
American National Standards. The Consensus Committee that approved the code or standard
was balanced to assure that individuals from competent and concerned interests have had an
opportunity to participate. The proposed code or standard was made available for public review
and comment which provides an opportunity for additional public input from industry, academia,
regulatory agencies, and the public-at-large.

ASME does not “approve,” “rate,” or “endorse” any item, construction, proprietary device, or
activity.

ASME does not take any position with respect to the validity of any patent rights asserted in
connection with any items mentioned in this document, and does not undertake to insure anyone
utilizing a standard against liability for infringement of any applicable Letters Patent, nor assume
any such liability. Users of a code or standard are expressly advised that the determination of the
validity of any such patent rights, and the risk of the infringement of such rights, is entirely their
own responsibility.

Participation by federal agency representative(s) or person(s} affiliated with industry is not to
be interpreted as government or industry endorsement of this code or standard.

ASME accepts responsibility for only those interpretations issued in accordance with governing
ASME procedures and policies which preclude the issuance of interpretations by individual vol-

unteers.

No part of this document may be reproduced in any form,
in an electronic retrieval system or otherwise,
without the prior written permission of the publisher.

Copyright © 1990 by
THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS
All Rights Reserved
Printed in U.S.A.



ASME N509 Interpretations — No. 2

Replies to Technical Inquiries
November 1990 — June 1992

FOREWORD

This publication includes all of the written replies issued between the indicated dates by :iz
Secretary, speaking for the ASME CONAGT Committee, Committee on Nuclear Air and G.:
Treatment, to inquiries concerning interpretations of technical aspects of ASME N509, Nuclc..-
Power Plant Air Cleaning Units and Components.

These replies are taken verbatim from the original letters except for a few typographical corre:
tions and some minor editorial corrections made for the purpose of improved clarity. In a fo-
instances, a review of the interpretations revealed a need for corrections of a technical nature:
these cases a corrected interpretation immediately follows the original reply.

These interpretations were prepared in accordance with the accredited ASME procedures. AS} i~
procedures provide for reconsideration of these interpretations when or if additional informatior. -
available which the inquirer believes might affect the interpretation. Further, persons aggrieved .-
this interpretation may appeal to the cognizant ASME committee or subcommittee. ASME do.--
not “approve,” “certify,” “rate,” or “endorse” any item, construction, proprietary device, or activi::

MUNRmI

AB589B




N509 Interpretations No. 2
Interpretation: 91-1
Subject: ASME N509-1989, Section 7.3, Welding
Date Issued:  April 30, 1992

Question: Is ASME AG-1-1991, Section AA-6300 an acceptable alternative to N509, Section
7.3

Reply: Yes.





